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n.rr-1 gENE Mm PROTEIN ?™ P EIATBD METHODS AND COMPOSITIONS 

This invention was made in part with government support 
under Grant number CA 39860 awarded by the National Institutes 
5 of Health. The government has certain rights in the 
invention. 

1. INTRODUCTION 

The present invention relates to nucleotide sequences of 
10 TCL-1 genes and amino acid sequences of their encoded 
proteins, as well as derivatives and analogs thereof and 
antibodies thereto. The present invention relates to the use 
of nucleotide sequences of TCL-1 genes and amino acid 
sequences of their encoded proteins, as well as derivatives 

15 and analogs thereof and antibodies thereto, as diagnostic and 
therapeutic reagents for the detection and treatment of 
disease states associated with chromosomal abnormalities. The 
present invention also relates to therapeutic compositions 
comprising TCL-1 proteins, derivatives or analogs thereof, 

20 antibodies thereto, nucleic acids encoding the TCL-1 proteins, 
derivatives or analogs, and TCL-1 antisense nucleic acid. 

2. BACKGROUND OF TH K INVENTION 

There is a close association between particular 
25 chromosomal abnormalities, e.g., chromosomal translocations, 
inversions, and deletions, and-certain types of malignancy 
indicating that such abnormalities may have a causative role 
in the cancer process. Chromosomal abnormalities may lead to 
gene fusion resulting in chimeric oncoproteins, such as is 
30 observed in the majority of the tumors involving the myeloid 
lineage. Alternatively, chromosomal abnormalities may lead to 
deregulation of protooncogenes by their juxtaposition to a 
regulatory element active in the hematopoietic cells, such as 
is observed in the translocation occurring in the lymphocytic 
35 lineage (Virgilio et al . , 1993, ?roc. Natl, ftrwd. SSi . USA 
£0:9275-9279) . 
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Hon random chromosomal translocations are characteristic 
of most human hematopoietic malignancies (Haluska et al 

Ann, r>v, ^^s, and „ ay be invol - 

solid tumors (Croce, 19 S7. c^ ^: 15 s. 156) . In B and r 
s cells, chromosomal translocations and inversions often occur 
as a consequence of mistakes during the normal process of 
recombination of the genes for immunoglobulins (Ig, or T . cell 
receptors <TCR, . These rearrangements juxtapose enhancer 

io If^ / 19 " ™ 9MeS t0 ° nc °*— «»ose expression 

10 is then deregulated <croce. l9 87. ^ ^=155-156,. In the 

21121 ^ ^ °>s«ved in lymphoid 

malignancies occur between two different chromosomes. 

The TCL-1 locus on chromosome 14 band g32.1 is frequently 

1S th I ,r ^ Chr0 "° S0 ' Ml translocations and inversions with 
IS the T-cell receptor genes observed in several post-thymic 
types of T-oell leukemias and lymphomas . including T- 
prolymphocytic leukemias (t-PLL) (Brito-Babapulle and 
Catovsky. 1991, Cw>wr ^ nqff „ p ,. „ aoute and 

chronic leukemias associated with the immunodeficiency 
20 syndrome ataxia-telangiectasia (AT) (Russo et al . . 1988, Cell 
53 = 137-144; Russo et al., 1989, Proc. u»t> .„ , d , „ c> 
fi£: 602-606), and adult T-cell leukemia (Virgilio et al . , 1993, 
Proc NatL A^d. Sci t ttc a oft. 9?7 ,- ^27D) . 

Rearrangements of the TCL-1 locus at chromosome I4q32.i 
25 are unique, in that the other locus involved in these 
rearrangements, namely the TCRa/S locus, is also on 
chromosome 14 at subband qli (Croce et al . , 1985 , Science 
222:1044-1047; Isobe et al . , 1988 , Proc. Ha n m 
85:3933-3937). For this reason, the rearrangements observed 
30 cytogenetically are either chromosomal inversions, inv(i4) 
<qil;q32) , involving only one of the chromosomes 14 or 
translocations involving both chromosomes 14 such as the 
t(14;14) (qll;q32), or more rarely, the t(7,14) (q35;q32) 
involving the TCP fi locus at 7g35 (Isobe et al . , 1988, Proc. 
35 Natl. ftc^. Sri .m 85:3933-3937) . several of the 

breakpoints at I4q32.i involved in these translocations have 
been cloned and characterized (Russo et al., 1988, Cell 
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11:137-144; Baer et al . , 1987, PrQC. Nat},, ftcad. Spi . USA 
84:9069-9073; Mengle-Gaw et al . , 1987, EMPQ J» 6:2273-2280; 
Bertness et al . , 1990, rancer Genet. Cvtogenet. 44:47-54). 

The TCL-1 locus, a chromosomal region of approximately 
5 350 kb as determined by placement of translocation breakpoints 
on the long range genomic map, has recently been cloned 
(Virgilio et al . , 1993, proc. Natl. Acad. Sci. USA £0:9275- 
9279) . The involvement of such a large region in 
translocation events suggests that activation of the putative 
10 TCL-1 gene may occur from a distance of many kilobases, as 
previously observed for the BCL-1/CCND1 gene in mantle cell 
lymphoma (Tsujimoto et.al., 1984, Science 224,: 1403-1406 ; 
Rosenberg et al . , 1991, Proc. Natl. Acad. Sci. USA 88:9638- 
9642; Withers et al . , 1991, Holt CeU- BjoJ,. 11:4846-4853; 
15 Motokura and Arnold, 1993 , genes ,-, Chrpm. & Cancer 7:89-9 5) and 
the MYC oncogene in Burkitt lymphoma (Dalla-Favera et al . , 
1982, Proc. Nat]- Arrad . Sci. USA 79 : 7 824-7 827 ; Nishikura et 
al., ^oft^>, P^- NaUl. Ac* d- Sci . USA 80: 4822— 4826) and in 
acute T-cell leukemia (Erikson et al . , 1986, Science 232:884- 
20 886) . 

There remains an unfulfilled need to isolate and 
characterize the TCL-1 gene associated with chromosomal 
abnormalities, e.g., chromosomal translocations, inversions 
and deletions, for use as a diagnostic and therapeutic/ 
25 prophylactic reagent in the detection, treatment, and 

prevention of diseases, such as T-cell leukemias and 
... lymphomas, associated with such .chromosomal abnormalities. 

Citation of references hereinabove shall not be construed 
as an admission that such references' are prior art to the 
3 0 present invention. 

/ 

3. B1TMMARY QZ 3!BE TWVEKTION 

The present invention relates to nucleotide sequences of 
TCL-1 genes, and amino acid sequences of their encoded TCL-1 
35 proteins, as well as derivatives and analogs thereof, and 

antibodies thereto. The present invention further relates to 
nucleic acids hybridizable to or complementary to the 
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foregoing nucleotide sequences as well as equivalent nucleic 
acid sequences encoding a TCL-l protein. 

The present invention also relates 'to expression vectors 
encoding a TCL-l protein, derivative or analog thereof, as 
S well as host cells containing the expression vectors encoding 
the TCL-l protein, derivative or analog thereof. As used 
herein, »TCL-l<> shall be used with reference to the TCL-l 
gene, whereas "TCL-l" shall be used with reference to the 
protein product of the TCL-l gene. 

The present invention further relates to the use of 
nucleotide sequences of TCL-l genes and amino acid sequences 
of their encoded TCL-l proteins as diagnostic reagents or in 
the preparation of diagnostic agents useful in the detection 
of disease states, such as T-cell leukemias, associated with 
15 chromosomal abnormalities, in particular at 14q32.i, and/or 
increased levels of expression of the TCL-l protein. The 
invention further relates to the use of nucleotide sequences 
of TCL-l genes and amino acid sequences of their encoded TCL-l 
proteins as therapeutic/prophylactic agents in the 
20 treatment/prevention of disease states, such as T-cell 
leukemias, associated with chromosomal abnormalities, in 
particular at I4q32.l, and/or increased levels of expression 
of the TCL-l protein. 

The present invention provides a hovel TCL-l gene 
25 sequence that is preferentially expressed early in T and B 
lymphocyte differentiation pathways. The TCL-l gene resides 
in a region of approximately 160 kb between two clusters of 
breakpoints on the TCL-l locus, clusters of inversions on the 
centromeric side and clusters of simple balanced 
30 translocations on the teloroeric side. 

As described herein, the TCL-l gene codes for a 1.3 kb 
transcript that is expressed only in restricted subsets of 
cells within the lymphoid lineage and expressed at high levels 
in leukemic cells carrying a t(l4:l4) (qll;q32) chromosome 
3S translocation or a inv(i4) (qil;q32) chromosome inversion. 

The TCL-l gene and protein sequences disclosed herein, 
and antibodies thereto, may be used in assays to diagnose T- 
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cell leukemias and lymphomas associated with chromosomal 
abnormalities, and/or increased expression of TCL-l protein, 
such as T-prolymphocytic leukemias (T-PLL) , acute and chronic 
leukemias associated with ataxia-telangiectasia (AT) , and 
5 adult T-cell leukemia, by detecting or measuring TCL-l mRNA in 
or from a patient sample or by detecting or measuring levels 
of TCL-l protein from a patient sample. For example, a TCL-l 
sequence may be used in a Northern blot hybridization assay of 
RNA from biopsied or autopsied cells or tissues to diagnose 
10 disease. 

The TCL-l protein, or derivatives or analogs thereof, 
disclosed herein, may be used for the production of anti-TCL-l 
antibodies which antibodies may be useful diagnostically in 
immunoassays, for the detection or measurement of TCL-l protein 
15 in a patient sample. Anti-TCL-l antibodies may be used, for 
example, for the diagnostic detection or measurement of TCL-l 
protein in biopsied cells and tissues. 

Also disclosed herein are methods of treatment of 
diseases or conditions associated with chromosomal 
20 abnormalities and/or increased expression of TCL-l proteins. 
Abnormalities of chromosome 14, such as inversions and 
translocations, particularly at 14q32.1, are associated with 
T-cell leukemias and lymphomas. TCL-l gene sequences and 
their protein products may be used therapeutically in the 
25 treatment of disease states associated with chromosome 14 
abnormalities. Anti-TCL-l antibodies may be used 
therapeutically, for example, in neutralizing the activity of 
an overexpressed TCL-l protein associated with disease. 

Oligonucleotide sequences, including antisense RNA and 
3 0 DNA molecules and ribozymes, designed to inhibit the 
transcription or translation of TCL-l mRNA, may be used 
therapeutically in the treatment of disease states associated 
with increased expression of TCL-l . 

Proteins, peptides and organic molecules capable of 
35 modulating activity of TCL-l may be used therapeutically in 
the treatment of disease states associated with aberrant 
expression of TCL-l. 

- 5 - 
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The present invention also relates to therapeutic 
compositions comprising TCL-1 proteins, derivatives or analogs 
thereof, antibodies thereto, nucleic acids encoding the TCL-1 
proteins, derivatives or analogs, and TCL-1 antisense nucleic 
5 acid. 

The present invention also relates to methods of 
production of the TCL-1 proteins, derivatives and analogs, 
such as, for example, by recombinant means. 

In particular embodiments of the invention described by 
10 way of Examples 6 and 7 herein, a human TCL-1 sequence is 
disclosed and shown to be specifically over-expressed in 
various T-cell malignancies. 

«• DESCRIPT ION OF THE FISIIBBg 

15 FIGURES 1A AND IB: Genomic and cDNA organization of the 

TCL-1 gene 1A. Genomic organization of the TCL-1 locus on 
chromosome I4q32.1. Vertical bars refers to cloned 
breakpoints in the literature (see Virgilio et al . , 1993, 
Proc, ^atl, Acad. Scj . Ug£ 90:9275-9279). Restriction sites 

20 are given for BssH II (B) , Cla I (C) , Eag I (E) , sfi (F) , Ksp 
I (K), Mlu I (M), Not I (N), Nru I (R) , Ecor I (Rl) , Sal I(S), 
Hind III (H) and BamH I (Hi). pi clones 7-4 and 20-21, 
covering the 140 kb region between the two clusters of cloned 
breakpoints, are shown by horizontal bars. Filled boxes 

25 represent probes used for RNA screening. Enlarged is shown a 
Sall-Hindlll genomic fragment with the organization of the 
four exons of the TCL-1 gene. IB. TCL-1 cDNA structure, open 
box represents 5' untranslated region, filled box represent 
encoding sequence and the 3' untranslated region (UTR) is 

30 shown in diagonal stripes. 

FIGURE 2: Northern blot hybridization with probe 20-7HE. 
In each lane were loaded 11 mg of total RNA from the cell 
lines: Hela, lane 1; lane 2, Daudi; lane 3, K562; and lane 4, 
35 A11380. 
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FIGURES 3A AND 3B: cDNA sequence and 5' genomic sequence 
of TCL-1 3A. cDNA sequence (SEQ ID NO: 1) and encoded amino 
acid sequence (SEQ ID NO: 2) of TCL-1. The initiation codon 
ATG is shown in bold, the polyadenylation signal is 
5 underlined. 3B. Genomic sequence (SEQ ID NO: 3) 5' to the 
cDNA. In boxes are shown SP1 binding sites, in bold the TATA 
box and the start codon, and in italics, nucleotide numbers 
497-560, the cDNA sequences (exon 1). 

.10 FIGURE 4: Prokaryotic expression of the TCL-1 gene 

product. Sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) of bacterial lysates with pQEtcl-l, 
lane 1, uninduced; lane 2, induced, and lane 3, purified. 

15 FIGURES 5A-5C: Expression of TCL-1 in different T-cells. 

5A. Northern blot hybridization of stimulated and non 
stimulated peripheral blood lymphocytes (PBL) with a TCL-1 
probe, P 697; 11 mg RNA were loaded per lane. 5B. Northern 
blot of RNA from T-cell lines: lane 1, CEM; lane 2, Molt4; 
20 lane 3, HUT78; lane 4, SupTl; lane 5, SupTll; lane 6, Jurkat. 
SC. RT-PCR with TCL-1 primers, p9A and RevIII, and with actin 
specific primers, Actinl and Actin2. Lane 1, CEM cells; lane 
2, HUT78 cells; lane 3, Molt4 cells; lane 4, SupTl cells; lane 
S, SupTll cells; lane 6, PBL; lane 7, PHA activated PBL; and 
25 lane 8, fetal thymus. 

FIGURE 6: Expression of TCL-1 in two patients with T- 
PLL. RNA isolated from patient leukemias, approximately 5 ng, 
were used for cDNA synthesis, followed by amplification with 
30 TCL-1 primers, Daudi unil and Daudi rev2 . Lane 1, Daudi; lane 
2, SupTll; lane 3, patient 312; lane 4,, patient 62; and lane 
5, Jurkat. 

FIGURE 7: Expression of TCL-1 in isolated subpopulation 
35 of bone marrow B-cells by RT-PCR. Lane 1, CD34+CD19- cells; 
lane 2, CD34+CD19+ cells; lane 3, CD191om- cells; lane 4, 
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col**- c.Hs; la „e 5 . CD19+nlou ^ ^ ^ £ 

FIGURE 8: shared sequence homology between TCL-, • 
5 (SEQ ZD no: 8, ana Mature T -ceU Probative " ^cpJ 
protexn (SEQ ID NO: 4). 1 11 

FIGURES 9A-9D: T Ci -l Genomic DNA sequence (SEQ ID NO- 5) 

XO (^7 T,r SalJ HindI11 — endonucleas sites' ' 

22 426 15 illUSt - ted > ' nucleotide nu» b ers 

422-426 represent the TATA box, nucleotide numbers 462-627 
represent EXON I, nucleotide numbers 628-2201 ^ 
i nnHoof^ L s 62 8-2203 represent INTRON 

I, nucleotxde numbers 2204-2380 represent EXON II, nucleotide 

is ;: r 81 ' 2799 represent intron «• — idenufflbers 

15 2800-2853 represent EXON III, nucleotide numbers 2854-3726 
represent INTRON in, and nucleotide numbers 3727-4643 
represent EXON IV and 3'UT. In this genomic sequence A 
represents adenine; c represents cytosine; G represent 
guanine; T represents thymine; u represents uracil; M 

20 represents adenine or cytosine; R represents adenine or 

guanxne; W represents adenine or thymine/uracil; S represents 
cytosxne or guanine; V represents cytosine or thymine/uracil; 
^represents guanine or thymine/uracil; V represents adenine 
or cytosxne or guanine, not thymine/ uracil ; H represents 

25 adenxne or cytosine or thymine/uracil, not guanine; D 

B C reZ nt V denine " 9Uanlne ° r ^--/-acil, not cytosine; 
B represents cytosine or guanine or thymine/uracil, not 
adenxne; N represents (adenine or cytosine or guanine or 
thymxne/uracil) or (unknown or other). 

30 

FIGURE 10: m vitro translation of TCL-l protein. Lane 
1 represents the internal positive control of the kit for the 
Lucxferase gene according to the manufacturer (Promega) . Lane 

35 contlir^H^ " Vltr ° tranSlated linearized plasmid 

35 contaxnxng the TCL-l gene. y 
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FIGURE 11: Genomic organization of TCL-1 gene. The 
boxes represent exons. Restriction enzymes are indicated as: 
S=sall, Ea=EagI, X=XhoI , H=HindIII. In the lower part are 
represented sequence boundaries at 3' and 5' splicing signals 
5 (lowercase) . 

5. DETAILED DESCRIPTION OP THE INVENTION 

The present invention relates to nucleotide sequences of 
TCL-1 genes and amino acid sequences of their encoded TCL-1 

10 proteins, as well as derivatives and analogs thereof, and 
antibodies thereto. 

The present invention further relates to the use of TCL-1 
genes and their encoded proteins or derivatives or analogs 
thereof, and antibodies thereto, in assays for the detection 

15 and in treatment/prevention of disease states associated with 
chromosomal abnormalities. and /or increased expression of TCL- 
2. The present invention also relates to therapeutic 
compositions comprising TCL-1 proteins, derivatives or analogs 
thereof, antibodies thereto, nucleic acids encoding the TCL-1 

20 proteins, derivatives or analogs, and TCL-1 antisense nucleic 
acid. 

The TCL-1 gene sequence can be from one of many different 
species, including but not limited to, mammalian, bovine, 
ovine, porcine, equine, rodent and human, in naturally 
25 occurring-sequence or in variant form, or from any source, 
whether natural, synthetic, or recombinant. In a specific 
embodiment described herein, the TCL-1 gene sequence is a 
human sequence. The TCL-1 protein can be that present in one 
of many different species, including but not limited to, 
30 mammalian, bovine, ovine, porcine, equine, rodent and human, 
in naturally occurring or variant^ form, or from any source, 
whether natural, synthetic, or recombinant. In specific 
embodiment described herein, the TCL-1 protein is a human 
protein. 

35 As defined herein, a TCL-1 derivative may be a fragment 

or amino: acid variant of the TCL-1 sequence shown in Figure 3A 
as long as the fragment or amino acid variant is capable of 
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displaying one or more biological activities associated with a 
full-length TCL-1 protein. Such biological activities include 
but are not limited to antigenicity, i.e., the ability to bind 
to an anti-TCL-l antibody, and immunogenicity , i.e., the 
5 ability to generate an antibody which is capable of binding a 
TCL-l protein. The invention provides fragments of a TCL-l 
protein consisting of at least 10 amino acids, or of at least 
25 amino acids, or of at least 50 amino acids, or of at least 
114 amino acids. Nucleic acids encoding such derivatives or 
10 analogs are also within the scope of the invention. A 

preferred TCL-l protein variant is one sharing at least 70% 
amino acid sequence homology, a particularly preferred TCL-l 
protein variant is one sharing at least 80% amino acid 
sequence homology and another particularly preferred TCL-l 
15 protein variant is one sharing at least 90% amino acid 

sequence homology to the naturally occurring TCL-l protein 
over at least 25, at least 50, at least 75 or at least 100 
contiguous amino acids of the TCL^l amino acid sequence. As 
used herein, amino acid sequence homology refers to amino acid 
20 sequences having identical amino acid residues or amino acid 
sequences containing conservative changes in amino acid 
residues. in another embodiment, a TCL-l homologous protein 
is one that shares the foregoing percentages of sequences 
indentical with the naturally occurring TCL-l protein over the 
25 recited lengths of amino acids. 

TCL-l is a gene located in the region of chromosome 
14q32.1 that is located in a region banded by two clusters of 
breakpoints . As is shown infra in Section 7 , TCL-l is 
preferentially expressed early in both the T and B lymphocyte 
30 differentiation pathways. As demonstrated infra in Section 7, 
high expression levels of TCL-l are shown to occur in 
independent cases of T-PLL carrying an inversion of chromosome 
14. Accordingly, the detection of TCL-l mRNA in patient 
samples such as biopsied cells and tissues can be used as an 
35 indicator of the presence of T-cell leukemias and lymphomas 
associated with certain chromosome 14 abnormalities and/or 
increased expression of TCL-l protein. Also, the TCL-l amino 
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acid sequences of the present invention can be used to 
generate antibodies useful in immunoassays for the detection 
or measurement of TCL-1 in patient samples. Such anti-TCL-l 
antibodies can be used in diagnostic immunoassays, for the 
5 detection or measurement of increased levels of TCL-1 
associated with T-cell leukemias and lymphomas. 

The present invention is illustrated infra, in part, by 
way of examples disclosing the cloning and sequencing of human 
TCL-1 and its increased expression in various T-cell 
10 malignancies. 

5.1. Tha TCL-1 Coding sequences 

TCL-1 cDNA, genomic sequences and sequences complementary 
thereto are provided by the present invention. In a specific 
15 embodiment herein, a TCL-1 cDNA sequence is provided, thus 
lacking any introns. Also included within the scope of the 
present invention are polynucleotide sequences of TCL-1 cDNA 
consisting of at least 8 nucleotides, at least 15 nucleotides, 
at least 25 nucleotides, at least 50 nucleotides, at least 100 
20 nucleotides, at least 200 nucleotides, at least 387 

nucleotides, or at least 1324 nucleotides. In a specific 
embodiment herein, a TCL-1 genomic sequence is provided, thus 
containing introns. Also included within the scope of the 
present invention are polynucleotides of TCL-1 genomic DNA 
25 consisting of not more than 5 kilobases, of not more than 10 
kilobases, not more than 25 kilobases, not more than 50 
kilobases, or not more than 70 kilobases. 

The full length cDNA sequence for human TCL-1 is depicted 
in Figure 3A (SEQ ID NO: 1) . Figure 3B (SEQ ID NO: 3) depicts 
30 a 5« genomic (noncoding) sequence of a human TCL-1 gene from 
nucleotide numbers l - 496. Figures 9A-9D (SEQ ID NO: 5) 
depicts the entire genomic sequence of the TCL-1 gene. 
Sequence analysis of the TCL-1 cDNA of Figure 3A reveals an 
open reading frame of 342 nucleotides with a starting ATG 
35 codon at position 46, located within a Kozak consensus 

sequence, and with a stop codon at position 3 88, potentially 
encoding a protein of 114 amino acids with a predicted 
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molecular weight of 13.5 kDa. This sequence when subcloned in 
a procaryotic expression vector encodes a 14kDa protein, that 
contains a casein kinase II phosphor yl ation site 
( MAECPTLGEA VTDH ) ,a portion of SEQ ID NO: „ starting at amino 
S acid position 6. As disclosed intra, see Section 6.2.3 a 
rabbit polyclonal anti-TCL-l antibody has been generated that 
is able to immunoprecipitate naturally occurring TCL-l protein 
from lymphoid and leukemia cells expressing TCL-l mPUA 
confirming that the open reading frame starting with the ATG 
10 at position 46 is able to translate naturally occurring TCL-l 
protein. 

In accordance with the present invention, any 
polynucleotide sequence which encodes the amino acid sequence 
of a TCL-l gene product can be used to generate recombinant 
15 molecules which direct the expression of TCL-l . Included 
within the scope of the present invention are polynucleotide 
sequences of TCL-l consisting of at least 8 nucleotides that 
are useful as probes or primers (i.e., a hybridizable portion) 
ln deteCti ° n ° f TCL -*> I" a particular embodiment of the 

20 present invention, TCL-l primers p9A- TGCTGCCAGATGACTGATGT 
(SEQ ID NO: 6) and Rev III CAAATGGAATCCTCCTTGGC (SEQ ID NO- 7) 
were used to amplify TCL-l nucleic acid from bone marrow B- 
cells, T-cells lines, peripheral blood lymphocytes (PBL) PHA 
stimulated PBL and thymus cells. m another embodiment of the 
25 present invention, amplification of DNA from patients with T- 
PLL was carried out with primers Daudi unil- 
AGGCCTATGACCCCCACC (SEQ -ID NO:8) and Daudi rev2- 
CATTCCTCCCAGACCCCA (SEQ ID NO:9). All primers disclosed 
herein are listed in 5* to 3' orientation. 
30 in a specific embodiment disclosed herein, the invention 

relates to the nucleic acid sequence of the human TCL-l gene, 
in a preferred, but not limiting, aspect of the invention, a 
human TCL-l cDNA sequence is that present in plasmid PA11.5 as 

deposited with the ATCC and assigned ATCC Accession Number 

35 _. such a sequence can be cloned and sequenced, for example 
as described in Section 6, infra. The invention also relates' 
to nucleic acid sequences hybridizable or complementary to the 
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foregoing sequences or equivalent to the foregoing sequences 
in that the equivalent nucleic acid sequences also encode a 
TCL-1 protein product. 

Nucleic acids encoding fragments and derivatives of TCL-1 
5 are additionally described infra. 

In a preferred aspect, polymerase chain reaction (PCR) is 
used to amplify the desired nucleic acid sequence in the 
library by using oligonucleotide primers representing known 
TCL-1 sequences. Such primers are disclosed infra in Section 
10 7 and may be used to amplify sequences of interest from an RNA 
or DNA source , preferably a cDNA library. PCR can be carried 
out, e.g., by use of a Perkin-Elmer Cetus thermal cycler and 
Taq polymerase (Gene Amp") . The DNA being amplified can 
include mRNA or cDNA or genomic DNA from any eukaryotic 
15 species. One can choose to synthesize several different 

degenerate primers, for use in the PCR reactions. It is also 
possible to vary the stringency of hybridization conditions 
used in priming the PCR reactions, to allow for greater or 
lesser degrees of nucleotide sequence homology between the 
20 TCL-1 gene being cloned and the known TCL-1 gene. Other means 
for primer dependent amplification of nucleic acids are known 
to those of skill in the art and can be used. 

After successful amplification of a segment of a TCL-1 
gene (e.g., an allelic or polymorphic variant or species 
25 homolog of a known TCL-1 gene) that segment may be molecularly 
cloned and sequenced, and utilized as a probe to isolate a 
complete cDNA or genomic clone. This, in turn, will permit 
the determination of the gene 1 s complete nucleotide sequence, 
the analysis of its expression, and the production of its 
30 protein product for functional analysis, as described infra. 
In this fashion, additional genes encoding TCL-1 proteins may 
be identified. Alternatively, the TCL-1 gene of the present 
invention may be isolated through an exon trapping system, as 
is disclosed infra, in Section 6, using genomic DNA (Nehls et 
35 al., 1994, oncogene 9 ( 81 : 2169-2175 ; Verna, et al . , 1993, 

Nucleic Acids Res . 21X221:5198:5202; and Auch et al . , 1990, 
Nucleic Acids Res . 1B1221- 6743-6744 ) . 
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Potentially, any eukaryotic cell can serve as the nucleic 
acxd source for the molecular cloning of the TCL-l gene The 
nucleic acid sequences encoding TCL-l can be isolated from 
for example, human, porcine, bovine, feline, avian, equine' 
5 canine, rodent, as well as additional primate sources. The 
DNA may be obtained by standard procedures known in the art 
from, for example, cloned DNA (e.g., a DNA "library") by 
chemical synthesis, by cDNA cloning, or by the cloning of 
genomic DNA, or fragments thereof, purified from a desired 
10 cell. (see, for example, Sambrook et al . , i 989 , Molecular 
Cloning, A Laboratory Manual, 2d Ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, New York; Glover, D M 
(ed.), 1985, DNA Cloning: A Practical Approach, MRL Press, 
Ltd., oxford, U.K. Vol. I, A preferred source is cDNA of 

15 leukemic cells in which the leukemia is associated with a 

14q32,i chromosomal abnormality. clones derived from genomic 
DNA may contain regulatory and intron DNA regions in addition 
to coding regions while clones derived from cDNA will contain 
only TCL-l exon sequences. In a particular embodiment of the 
20 present invention, a genomic sequence is one that is not more 
than 10 kilobases (kb) , or not more than 20 kb, or not more 
than 50 kb or not more than 70 kb. Whatever the source, the 
gene should be molecularly cloned into a suitable vector for 
propagation of the gene. m a particular embodiment, a 
25 preferred source of nucleic acid for the isolation of TCL-l 
gene sequences is from pre B-cells. 

in the molecular cloning of the gene from genomic DNA, 
DNA fragments are generated, some of which will encode the 
desired gene. The DNA may be cleaved at specific sites using 
30 various restriction enzymes. Alternatively, one may use DNAse 
in the presence of manganese to" fragment the DNA, or the DNA 
can be physically sheared, as for example, by sonication. The 
linear DNA fragments can then be separated according to size 
by standard techniques, including but not limited to, agarose 
35 and polyacrylamide gel electrophoresis and column 
chromatography . 
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Once the DNA fragments are generated,, identification of 
the specific DNA fragment containing the desired gene may be 
accomplished in a number of ways. For example, a TCL-1 gene 
of the present invention or its specific RNA, or a fragment 
5 thereof, such as a probe or primer, may be isolated and 
labeled and then used in hybridization assays to detect a 
generated TCL-1 gene (Benton, W. and Davis, R., 1977, Science 
196:180; Grunstein, M. And Hogness, p., 1975, Proc. Natl . 
ftead. Sci. USA 22:3961) . Those DNA fragments sharing 
10 substantial sequence homology to the probe will hybridize 

under stringent conditions. The phrase "stringent conditions" 
as used herein refers to those hybridizing conditions that (1) 
employ low ionic strength and high temperature for washing, 
for example, 0.015 M NaCl/0.0015 M sodium citrate/ 0.1% SDS at 
15 50?c; (2) employ during hybridization a denaturing agent such 
as formamide, for example, 50% (vol/vol) formamide with 0.1% 
bovine serum albumin/0. 1% Ficoll/0.1% polyvinylpyrrolidone/50 
mM sodium phosphate buffer at pH 6.5 with 7 50 mM NaCl, 75 mM 
sodium citrate at 4 2°C; or (3) employ 50% formamide, 5 x SSC 
2 0 (0.75 M NaCl, 0.075 M sodium pyrophosphate, 5 x Denhardfs 

solution, sonicated salmon sperm DNA (50 g/ml) , 0.1% SDS, and 
10% dextran sulfate at 42»C, with washes at 42»C in 0.2 x SSC 
and 0.1% SDS. 

It is also possible to identify the appropriate fragment 
25 by restriction enzyme digestion (s) and comparison of fragment 
sizes with those expected according to a known restriction 
map. Further selection can be carried out on the basis of the 
.properties of the gene. . Alternatively, the presence of the 

gene may be detected by assays based on the physical, 
30 chemical, or immunological properties of its expressed 
product. For example, cDNA clones, or genomic DNA clones 
which hybrid-select the proper mRNAs, can be selected which 
produce a protein that has similar or identical 
electrophoretic migration, isolectric focusing behavior, 
35 proteolytic digestion maps, binding activity or antigenic 
properties as known for TCL-1. Alternatively, the TCL-1 
protein may be identified by binding of labeled antibody to 
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the putatively TCL-1 expressing clones, e.g., in an ELISA 
(enzyme- linked immunosorbent assay) -type procedure. 

The TCL-1 gene can also be identified by mRNA selection 
by nucleic acid hybridization followed by in vitro 
5 translation. In this procedure, fragments are used to isolate 
complementary mRNAs by hybridization. Such DNA fragments may 
represent available, purified TCL-l DNA of another TCL-l gene. 
Immunoprecipitation analysis or functional assays of the in 
vitro translation products of the isolated products of the 

10 isolated mRNAs identifies the mRNA and, therefore, the 
complementary DNA fragments that contain the desired 
sequences. In addition, specific mRNAs may be selected by 
adsorption of polysomes isolated from cells to immobilized 
antibodies specifically directed against TCL-l protein. A 

15 radiolabeled TCL-l cDNA can be synthesized using the selected 
mRNA (from the adsorbed polysomes) as a template. The 
radiolabeled mRNA or CDNA may then be used as a probe to 
identify the TCL-l DNA fragments from among other genomic DNA 
fragments. 

20 Alternatives to isolating the TCL-l genomic DNA include, 

but are not limited to, chemically synthesizing the gene 
sequence itself from a known sequence or making cDNA to the 
mRNA which encodes the TCL-l protein. For example, RNA useful 
in cDNA cloning of the TCL-l gene can be isolated from cells 

25 which express TCL-l, e.g., pre-B acute lymphoblastic leukemia 
cells or endemic Burkitt's lymphoma cells which express cell 
surface IgM and do not secrete immunoglobulin; other methods 
are known to those of skill in the art and are within the 
scope of the invention. 

30 The identified and isolated gene can then be inserted 

into an appropriate cloning vector. A large number of vector- 
host systems known in the art may be used. Possible vectors 
include, but are hot limited to, plasmids or modified viruses, 
but the vector system must be compatible with the host cell 

35 used, such vectors include, but are not limited to, 

bacteriophages such as lambda derivatives, or plasmids such as 
PBR322 or pUC plasmid derivatives. The insertion into a 
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cloning vector can, for example, be accomplished by ligating 
the DNA fragment into a cloning vector which has complementary 
cohesive termini. However, if the complementary restriction 
sites used to fragment the DNA are not present in the cloning 
5 vector, the ends of the DNA molecules may be enzymatically 
modified. Alternatively, any site desired may be produced by 
ligating nucleotide sequences (linkers) onto the DNA termini; 
these ligated linkers may comprise specific chemically 
synthesized oligonucleotides encoding restriction endonuclease 
10 recognition sequences. In an alternative method, the cleaved 
vector and TCL-1 gene may be modified by homopolymeric 
tailing. Recombinant molecules can be introduced into host 
cells via transformation, transf ection, infection, 
electroporation, or other methods known to those of skill in 
15 the art, so that many copies of the gene sequence are 
generated. 

In an alternative method,, the desired gene may be 
identified and isolated after insertion into a suitable 
cloning vector in a "shot gun" approach. Enrichment for the 
20 desired gene, for example, by size f ractionization, can be 
done before insertion into the cloning vector. 

in specific embodiments, transformation of host cells 
with recombinant DNA molecules that incorporate the isolated 
TCL-1 gene, cDNA, or synthesized DNA sequence enables 
25 generation of multiple copies of the gene. Thus, the gene may 
be obtained in large quantities by growing transf ormants , 
isolating the recombinant DNA molecules from the transf ormants 
and, when necessary, retrieving the inserted gene from the 
isolated recombinant DNA. 
30 oligonucleotides containing a portion of the TCL-l 

coding or non-coding sequences, or which encode a portion of 
the TCL-1 protein (e.g., primers for use in PCR) can be 
synthesized by standard methods commonly known in the art. 
Such oligonucleotides preferably have a size in the range of 8 
35 to 25 nucleotides. In a particular embodiment herein, such 
oligonucleotides have a size in the range of 15 to 25 
nucleotides or 18 to 25 nucleotides. 
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S.2. Expression of the TCL-l gene 

In accordance with the present invention, polynucleotide 
sequences coding for a TCL-l protein, derivative, e.g. 
fragment, or analog thereof, can be inserted into an 
5 appropriate expression vector, i.e., a vector which contains 
the necessary elements for the transcription and translation 
of the inserted protein-coding sequence, for the generation of 
recombinant DNA molecules that direct the expression of a TCL- 
1 protein. Such TCL-l polynucleotide sequences, as well as 

10 other polynucleotides or their complements, may also be used 
in nucleic acid hybridization assays, Southern and Northern 
blot analysis, etc. In a specific embodiment, a human TCL-l 
gene, or a sequence encoding a functionally active portion of 
a human TCL-l gene is expressed. In yet another embodiment, a 

15 derivative or fragment of a human TCL-l gene is expressed. 

Due to the inherent degeneracy of the genetic code, other 
DNA sequences which encode substantially the same or a 
functionally equivalent TCL-l amino acid sequence, is within 
the scope of the invention. Such DNA sequences include those 

20 which are capable of hybridizing to the human TCL-l sequence 
under stringent conditions. 

Altered DNA sequences which may be used in accordance 
with the invention include deletions, additions or 
substitutions of different nucleotide residues resulting in a 

25 sequence that encodes the same or a functionally equivalent 
gene product. The gene product itself may contain deletions, 
additions or substitutions of amino acid residues within an 
TCL-l sequence, which result in a silent change thus producing 
a functionally equivalent TCL-l protein. Such amino acid 

30 substitutions may be made on the basis of similarity in 

y 

polarity, charge, solubility, hydrophobicity , hydrophilicity, 
and/or the amphipathic nature of the residues involved. For 
example, negatively charged amino acids include aspartic acid 
and glutamic acid; positively charged amino acids include 
35 lysine and arginine; amino acids with uncharged polar head 
groups having similar hydrophilicity values include the 
following: leucine, isoleucine, valine; glycine, alanine; 
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asparagine, glutamine; serine, threonine; phenylalanine, 

tyrosine. ^ . 

The DNA sequences of the invention may be engineered m 
order to alter a TCL-1 coding sequence for a variety of ends 
5 including but not limited to alterations which modify 

processing and expression of the gene product. For example, 
mutations may be introduced using techniques which are well 
Known in the art, e.g., site-directed mutagenesis, to insert 
new restriction sites, to alter phosphorylation, etc. 
L0 in another embodiment of the invention, a TCL-1 gene 

sequence or a derivative thereof is ligated to a non-TCL-1 
sequence to encode a chimeric fusion protein. A fusion 
protein may also be engineered to contain a cleavage sxte 
located between a TCL-1 sequence and the non-TCL-1 protein 
15 sequence, so that the TCL-1 protein may be cleaved away from 
the non-TCL-1 moiety. In a specific embodiment, the TCL-1 
amino acid sequence present in the fusion protein consists of 
at least 10 contiguous amino acids, at least 25 contiguous 
amino acids, at least 50 contiguous amino acids, at least 75 
20 contiguous amino acids, at least 100 contiguous amino acids, 
or at least 114 amino acids of the TCL-1 protein sequence. 

in an alternate embodiment of the invention, the coding 
sequence of a TCL-1 is synthesized in whole or in part, using 
chemical methods well known in the art. See, for e*™ple. 
25 Caruthers et al., 1980, Has ft^jds Pes Symp. Ser. 2 :215-233 
area and Horn, 1980, Nnc n cjds Res, 91101:2331; Matteucci and 
caruthers, 1980, Titers 21:719; and chow and 

Kempe, 1981, ESS ^SidS **s. 9X121:2807-2817. Alternatively 
the Protein itself could be produced using chemical methods to 
30 synthesize an TCL-1 amino acid sequence in whole or m part. 
For example, peptides can be synthesized by solid phase 
techniques, cleaved from the resin, and purified by 
preparative high performance liquid chromatography. (e.g., 
see creighton, 1983, Pro^inr* Struct , ^ - find Molecul^ 
35 ErlnsiBles., W.H, Freeman and Co. , N. V . PP . 50-60, . The 

composition of the synthetic peptides may be «^2. tloB 
amino acid analysis or sequencing (e.g., the Edman degr 
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procedure; see Creighton, 1983, Prot.in. S^rjjstyxes and 
Mo l ecular Principles , W.H. Freeman and Co., N.Y., pp. 34-49. 

In order to express a biologically active TCL-l protein 
or derivative thereof, a polynucleotide sequence encoding a 
5 TCL-l protein, or a derivative thereof, is inserted into an 
appropriate expression vector, i.e., a vector which contains 
the necessary elements for the transcription and translation 
of the inserted coding sequence. The TCL-l gene products as 
well as host cells or cell lines transfected or transformed 

10 with recombinant TCL-l expression vectors can be used for a 
variety of purposes. These include but are not limited to 
generating antibodies (i.e., monoclonal or polyclonal) that 
immunospecifically bind a TCL-l protein. Anti-TCL-l 
antibodies can be used in detecting or measuring levels of a 

15 TCL-l protein in patient samples. 

5.3. Expression systems 

Methods which are well known to those skilled in the art 
can be used to construct expression vectors containing a rcL-1 

20 coding sequence and appropriate transcriptional/translational 
control signals. These methods include in vitro recombinant 
DNA techniques, synthetic techniques and in vivo 
recombination/genetic recombination. See, for example, the 
techniques described in Sambrook et al . , 1989, Molecular 

25 Caning ■ A Laboratory Manua 1 2d ed., Cold Spring Harbor 

Laboratory, N.Y. and Ausubel et al . , 1989, Current Pr^rni. 
in Mplecmar Biology ; Greene Publishing Associates and Wiley 
Interscience, N.Y. 

A variety of host-expression vector systems may be 
30 utilized to express a TCL-l coding sequence. These include 
but are not limited to microorganisms such as bacteria 
transformed with recombinant bacteriophage DNA, plasmid DNA or 
cosmid DNA expression vectors containing an TCL-l coding 
sequence; yeast transformed with recombinant yeast expression 
35 vectors containing an TCL-l coding sequence; insect cell 
systems infected with recombinant virus expression vectors 
(e.g., baculovirus) containing an TCL-l coding sequence; plant 
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cell systems infected with recombinant virus expression 
vectors (e.g., cauliflower mosaic virus,. CaMV; tobacco mosaic 
virus, TMV) or transformed with recombinant plasmid expression 
vectors (e.g., Ti plasmid) containing an TCL-1 coding 
5 sequence; or animal cell systems. The expression elements of 
these systems vary in their strength and specificities. 
Depending on the host/vector system utilized, any of a number 
of suitable transcription and translation elements, including 
constitutive and inducible promoters, may be used in the 
10 expression vector. For example, when cloning in bacterial 
systems, inducible promoters such as P L of bacteriophage X, 
plac, ptrp, Ptac (ptrp-lac hybrid promoter) and the like may 
be used; when cloning in insect cell systems, promoters such 
as the baculovirus polyhedrin promoter may be used; when 
15 cloning in plant cell systems, promoters derived from the 
genome of plant cells (e.g., heat shock promoters; the 
promoter for the small subunit of RUBISCO; the promoter for 
the chlorophyll a/b binding protein) or frpm plant viruses 
(e g the 35S RNA promoter of CaMV; the coat protein promoter 
20 of TMV) may be used; when cloning in mammalian cell systems, 
promoters derived from the genome of mammalian cells <••*•' 
ro etallothionein promoter) or from mammalian viruses (e.g., the 
adenovirus late promoter; the vaccinia virus 7.5 K promoter, 
may be used; when generating cell lines that contain 
2 S copies of an TCL-1 DNA, SV40-, BPV- and EBV-based vectors may 
be used with an appropriate selectable marker. 

in bacterial systems., a number of expression, vectors may 
be advantageously selected depending upon the use intended 
the TCL-1 protein expressed. For .example, when large 
,o quantities of TCL-1 protein are to be produced for the 
rene^icn o £ antibodies* 

It high levels of fusion protein products that ere reed.ly 
purified »ay he desirable. Such vectors include hut are not 
limited to the Z. coli expression vector pUR27» (Ruther et 
„ \ ^83, «U. Z: 179D. in which the TCL-1 coding sequence 
.ay' he ligat^Tnto the vector in fra.e with the lac , cod.ng 
region so that a hybrid AS-lac Z protein is produced; pIN 
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vectors (Inouye 4 mouye, 19t5; Nucl.in P ~~ 12:3101- 

3109; Van Heeke * Schuster, 1989, J. Biol, ghefl ^1:5503 
5509); and the like. pGEX vectors may also be used to express 
foreign polypeptides as fusion proteins with glutathione S- 
5 transferase (GST). m general, such fusion proteins are 
soluble and can easily be purified from lysed cells by 
adsorption to glutathione-agarose beads followed by elution in 
the presence of free glutathione. The pGEX vectors are 
designed to include thrombin or factor Xa protease cleavage 
10 sites so that the cloned polypeptide of interest can be 
released from the GST moiety. 

in yeast, a number of vectors containing constitutive or 
inducible promoters may be used. For a review see> current 
Protocols i n Molecular pjnlo 1Y > Vol. 2 , 1988 , Ed. Ausubel et 
15 al., Greene Publish. Assoc. & Wiley Interscience , Ch. 13; 
Grant et al . , 1987, Expression and Seeret iaii y^oxs for, ' 
Yeast, in Methods in Enzymology, Ed. Wu & Grossman, 1987 
Acad. Press, N.Y. 153:516-544; Glover, 1986, DNA Cloninr,' vm 
II, IPX Press, Wash., D.C., Ch. 3; and Bitter, 1987, 
2 0 Heterologous Gene Expression in Yeast, Methods in Easy jaajggy 
Eds. Berger & Kimmel, Acad. Press, N.Y. 2£Z: 673-684 ; and The 

Molecular Bio l ogy of the Yeast ,s aeeha ro mY , 1982 , Eds . 

Strathern et al . , Cold Spring Harbor Press, Vols. I and II. 
In cases where plant expression vectors are used, the 
25 expression of an TCL-1 coding sequence may be driven by any of 
a number of promoters. For example, viral promoters such as 
the 35S rna and 19S RNA promoters of CaMV (Brisson et al . , 
1984, Nature HQ: 511-514 ) , or the coat protein promoter of TMV 
(Takamatsu et al . , 1987, EKPO J. 6:307-311) may be used; 
30 alternatively, plant promoters such as the small subunit of 
RUBISCO (Coruzzi et al . , 1984 EMBO J . 3:1671-1680; Broglie et 
al., 1984, Science 224:838-843); or heat shock promoters, 
e.g., soybean hspl7.5-E or hspi7.3-B (Gurley et al . , 1986, 
Mpl, Ce l l. P161. 6:559-565) may be used. These constructs can 
35 be introduced into plant cells using Ti plasmids, Ri plasmids, 
plant virus vectors, direct DNA transformation, 
microinjection, electropdration, etc. For reviews of such 
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techniques see, for example, Weissbach & Weissbach, 1988, 
MefcfagdS- f"r PlM* Hm^nnr pioloqv, Academic Press, 
tctio^VIII, PP. 421-463; and Grierson « Corey, 1988, Plant 
^oj^gaiax Hioloov. 2d Ed., Blackie, London, Ch. 7-9. 
5 An alternative expression system which could be used to 

express a TCL-1 gene is an insect system. In one such system, 
Autograph* calif ornica nuclear polyhedrosis virus (AcNPV) is 
used as a vector to express foreign genes. The virus grows m 
Spodoptera frugiperda cells. A TCL-1 coding sequence may be 
10 ctoned into non-essential regions (for example the polyhedrin 
qene) of the virus and placed under control of an AcNPV 
promoter (for example, the polyhedrin promoter). Successful 
insertion of a TCL-1 coding sequence will result in 
inactivation of the polyhedrin gene and production of non- 
15 occluded recombinant virus (i.e., virus lacking the 

proteinaceous coat coded for by the polyhedrin gene) . These 
recombinant viruses are then used to infect Spodoptera 
frugiperda cells in which the inserted gene is -P ressed ; 
(e.g., see Smith et al . , 1983, .7. Virol-. 46:584; Smith, U.S. 

20 Patent No. 4,215,051). 

in mammalian host cells, a number of viral based 
expression systems may be utilized. In cases where an 
a^novirus is used as an expression vector, a TCL-l coding 
sequence may be ligated to an adenovirus 
25 transcription/translation control complex, e.g., the lat 

promoter and tripartite leader sequence. This chimeric gene 
Ly then be inserted in the adenovirus genome by an vitro or 
,/.„™ combination. Insertion in a non-essential region of 



in vivo recombination. 

the viral genome (e.g., region El or E3) will result in 



the virax genuwc \^ *^ • ' — J m „ • ~ 

3, recombinant virus tnat is viaMe ana capable 

TCL-X in infected hosts. (e.g.. see Logan * Shenk, 1984. 

vaocinia 7.5 K propter «, be used^ See . . ^ 

al.. 1982, rrnr HflJU nHI* , S°t. VS & 2S-7415 7 . 
„ al., 1984, iUJUSEU 42=057-864, PamcaU et al . . 1982. Er_ 
)— 1 , bSaS SSi - »SA 21:4927-4931). 
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Specific initiation signals may also be. required for 
efficient translation of an inserted TCL-l coding sequences 
These signals include the ATG initiation codon and adjacent' 

5 oCT^ti CaS6S ^ ^ ent±re ^ 9ene < -eluding its 

5 own inxtxatxon codon and adjacent sequences, is inserted Into 

controi r ° Pri T eXPreSSi ° n VCCt0r ' "9 additional translation! 
control sxgnals may be needed. However, in cases where only a 
portxon of a TCL-l coding sequence is inserted, lacking the 5- 
« ^'. e "° genOUS trans lational -ntrol signals, including the 
10 ATG xnitxation codon, must be provided. Furthermore, the 

xnxtiatxon codon must be in phase with the reading frame of a 
TCL-l coding sequence to ensure translation of the entire 
xnsert. These exogenous translational control signals and 

X5 and synthetxc. The efficiency of expression may be enhanced 
by the inclusion of appropriate transcription enhancer 
elements, transcription terminators, etc. (see Bittner et al . , 
1987 ' Methods in EnZYJB P j 152:516-544). 

in addition, a host cell strain may be chosen which 
2 0 modulates the expression of the inserted sequences, or 
modxfies and processes the gene product in the specific 
fashion desired. Such modifications (e.g., phosphorylation) 
and processing (e.g., cleavage) of protein products may be 
xmportant for the function of the protein. Different host 
2 5 cells have characteristic and specific mechanisms for the 
post-translational processing and modification of proteins 
Appropriate cells lines or host systems can be chosen to 
ensure the correct modification and processing of the foreign 
protein expressed. To this end, eukaryotic host cells which 
30 possess the cellular machinery for proper processing of the 
prxmary transcript, and phosphorylation of the gene product 
may be used. Such mammalian host cells include but are not 
limited to CHO, VERO, BHK, HeLa, COS, MOCK, 293, WI38, etc. 
For long-term, high-yield production of recombinant 
35 proteins, stable expression is preferred. For example, cell 
lxnes which stably express a TCL-l protein may be engineered. 
Rather than using expression vectors which contain viral 
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origins of replication, host cells can be transformed with 
TCL-1 DNA controlled by appropriate expression control 
elements (e.g., promoter, enhancer, sequences, transcription 
terminators, polyadenylation sites, etc.), and a selectable 
5 marker. Following the introduction of foreign DNA, engineered 
cells may be allowed to grow for 1-2 days in an enriched 
media, and then are switched to a selective media. The 
selectable marker in the recombinant plasmid confers 
resistance to the selection and allows cells to stably 
10 integrate the plasmid into their chromosomes and grow to form 
foci which in turn can be cloned and expanded into cell lines. 
This method may advantageously be used to engineer cell lines 
which express a TCL-1 protein. The present invention provides 
a method for producing a recombinant TCL-1 protein comprising 
15 culturing a host cell transformed with a recombinant 

expression vector encoding a TCL-1 protein such that the TCL-1 
protein is expressed by the cell and recovering the expressed 
TCL-1 protein. 

A number of selection systems may be used, including but 
20 not limited to the herpes simplex virus thymidine kinase 
(Wigler et al . , 1977, Cell 11:223), hypoxanthine-guanine 
phosphoribosy transferase (Szybalska & Szybalski, 1962, Eroc, 
Eflfcj, Arad. figi. USA A£:2026), and adenine 

phosphoribosyltransf erase (Lowy et al . , 1980, Ceil 22:817) 
25 genes can be employed in tk-, hgprt- or aprt- cells, 

respectively. Also, antimetabolite resistance can be used as 
the basis of selection for dhfr, which confers resistance to 
methotrexate (Wigler et al . , 1980, Ha£J *™<1 ■ gcj . USA 
21' 3567; O'Hare et al . , 1981, Proc r Natl . , Sc^. USA 

30 78:1527)? gpt, which confers resistance to mycophenolic acid 
Mulligan & Berg, 1981, Pror M&L Acad- Scj. USA 78:2072); 
neo, which confers resistance to the aminoglycoside G-418 
(Colberre-Garapin et al., 1981, .T. Ho].-BW. 150:1); and 
hygro, which confers resistance to hygromycin (Santerre et 
35 al., 1984, Sene 30:147). Recently, additional selectable 

genes have been described, namely trpB, which allows cells to 
utilize indole in place of tryptophan; hisD, which allows 
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cells to utilize histinol in place of histidine (Hartman & 

" U !!?' 1988 ' PTOC - ^ ^ ^-'8047); and ODC 

(ornithine decarboxylase) which confers resistance to the 
ornithine decarboxylase inhibitor, 2- (dif luoromethyl) -dl- 
5 ornithine, DFMO (McConlogue, L. , 1987, In: Cn^o^ 

CQlfflmn legion? in Molecu^r Pi nin g , cold spring Harbor 
Laboratory, Ed.). 



5.4. Identification of Tranaf ectants or 
10 Trnnsfonnanta Th « t ESBE fia a TCI,- ^ 

The host cells which contain the coding sequence and 
which express the biologically active gene product may be 
identified by at least four general approaches; (a) DNA-DNA or 
DNA-RNA hybridization; (b) the presence or absence of "marker" 
15 gene functions; (c) assessing the level of transcription as 
measured by the expression of TCL-l mRNA transcripts in the 
host cell; and (d) detection of the gene product as measured 
by immunoassay or by its biological activity. 

in the first approach, the presence of the TCL-l coding 
20 sequence inserted in the expression vector can be detected by 
DNA-DNA or DNA-RNA hybridization using probes comprising 
nucleotide sequences that are homologous to the TCL-l coding 
sequence, respectively, or portions or derivatives thereof. 
In the second approach, the recombinant expression 
25 vector/host system can be identified and selected based upon 
the presence or absence of certain "marker" gene functions 
(e.g., thymidine kinase activity, resistance to antibiotics, 
resistance to methotrexate, transformation phenotype, 
occlusion body formation in baculovirus, etc.). For example, 
30 if the human TCL-l coding sequence is inserted within a marker 
gene sequence of the vector, recombinant cells containing the 
TCL-l coding sequence can be identified by the absence of the 
marker gene function. Alternatively, a marker gene can be 
placed in tandem with a TCL-l sequence under the control of 
35 the same or different promoter used to control the expression 
of the TCL-l coding sequence. Expression of the marker in 
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response to induction or selection indicates, expression of the 

TCL-1 coding sequence. 

in the third approach, transcriptional activity of a TCL- 
1 gene can be assessed by hybridization assays. For example, 

5 RNA can be isolated and analyzed by Northern blot using a 
probe having sequence homology to a TCL-1 coding sequence or 
transcribed noncoding sequence or particular portions thereof. 
Alternatively, total nucleic acid of the host cell may be 
extracted and quantitatively assayed for hybridization to such 

10 probes. 

in the fourth approach, the levels of a TCL-1 protein 
product can be assessed immunologically, for example by 
Western blots, immunoassays such as radioimmuno-precipitation , 
enzyme- linked immunoassays and the like. 

15 

5.5. Purification of th « Braresawtl Pane product 
Once a recombinant which expresses the TCL-1 gene 

sequence is identified, the gene product can , be analyzed. 

This is achieved by assays based on the physical or functional 
20 properties of the product, including radioactive labelling of 

the product followed by analysis by gel electrophoresis, 

immunoassay, or other detection methods known to those of 

skill in the art. , . , 

Once the TCL-1 protein is identified, it, may be isolated 
25 and purified- by standard methods .including .chromatography 
(e.g., ion exchange, affinity, and .sizing column 
chromatography), centr if ugation , differential solubility, or 
by any other standard technique for, the purification of 
proteins. The functional properties may. be evaluated using 

30 any suitable assay. *■ 

Alternatively, once a TCL-1 protein produced by a 
recombinant is, identified, the amino, acid sequence of the 
protein can be deduced from the nucleotide sequence of the 
chimeric gene contained in the recombinant. As a result, the 

35 protein can be synthesized by standard chemical methods known 
in the art (e.g., see Hunkapiller et al., 1984, Nature 
110:105-111) . 
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in a specific embodiment of the present invention, such 
TCL-l proteins, whether produced by recombinant DNA techniques 
or by chemical synthetic methods, include but are not limited 
to those containing, as a primary amino acid sequence, all or 
5 part of the amino acid sequence substantially as depicted in 
Figure 3A (SEQ ID NO: 2), as well as fragments and other 
derivatives, and analogs thereof. 

5 - 6 - Qwration of feafcib gajea %o_2 £L=2 
10 According to the invention, tcl-1 protein, its fragments 

or other derivatives, or analogs thereof, may be used as an 
immunogen to generate antibodies which recognize such an 
immunogen. Such antibodies include but are not limited to 
polyclonal, monoclonal, chimeric, single chain, Fab fragments 
15 and an Fab expression library. m a specific embodiment, 
antibodies to a human TCL-l protein are produced 

Various procedures known in the art may be used for the 
production of polyclonal antibodies to a TCL-l protein or 
derivative or analog. For the production of antibody, various 
20 host animals can be immunized by injection with the native 
TCL-l protein, or a synthetic version, or derivative (e.g., 
fragment) thereof, including but not limited to rabbits, mice 
rats, etc. Various adjuvants may be used to increase the 
immunological response, depending on the host species, and 
25 including but not limited to Freund's (complete and 

incomplete), mineral gels such as aluminum hydroxide, surface 
active substances such as lysolecithin, pluronic polyols, 
polyanions, peptides, oil emulsions, keyhole limpet 
hemocyanins, dinitrophenol , and potentially useful human 
30 adjuvants such as BCG (bacille Calmette-Guerin) and 
coryhebacterium parvum. 

In a specific example, the 14 kDa protein of the TCL-l 
gene expressed in bacteria was used to immunize rabbits 
against TCL-l. Such antibodies recognized the 14 kDa TCL-l 
35 protein in a variety of leukemia and lymphoma cells by Western 
Blot and by immunoprecipitation. 
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For preparation of monoclonal antibodies directed toward 
a TCL-1 protein sequence or analog thereof, any technique 
which provides for the production of antibody molecules by 
continuous cell lines in culture may be used. For example, 
5 the hybridoma technique originally developed by Kohler and 
" Milstein (1975, Nature 2JL6: 495-497 ) , as well as the trioma 
technique, the human B-cell hybridoma technique (Kozbor et 
aJ ., 1983, T^nnmoav Today 4:72), and the EBV-hybridoma 
technique to produce human monoclonal antibodies (Cole et al . , 
10 1985, in Monoclonal Antibodies and Cancer Therapy, Alan R. 
Liss', inc., pp. 77-96). In an additional embodiment of the 
invention, monoclonal antibodies can be produced in germ-free 
animals utilizing recent technology (PCT/US90/02545) . 
According to the invention, human antibodies may be used and 
15 can be obtained by using human hybridomas (Cote et al . , 1983, 
o r ^ M ,tl. fecajL sci, USA 80:2026-2030) or by transforming 
human B cells with EBV virus in vitro (Cole et al . , 1985, in 
jtonoclopal > "»^nH< M and canc»r Therapy, Alan R. Liss, pp. 
77-96) . In fact, according to the invention, techniques 
20 developed for the production of "chimeric antibodies" 

(Morrison et al., 1984, Pr or Natl, Acad . Scj. USA 81:6851- 
6855; Neuberger et al . , 1984, Nature 3JL2: 604-608 ; Takeda et 
al. 1985, Nature 314:452-454) by splicing the genes from a 
mouse antibody molecule specific for TCL-1 together with genes 
25 from a human antibody molecule of appropriate biological 

activity can be used; such antibodies are within the scope of 

this invention. 

According to the invention, techniques described for the 
production of single chain antibodies (U.S. Patent No. 

30 4,946,778) can be adapted to produce TCi-l-specif ic single 
chain antibodies. An additional embodiment of the invention 
utilizes the techniques described for the construction of Fab 
expression libraries (Huse et al., 1989, Science 246:1275- 
1281) to allow rapid and easy identification of monoclonal Fab 

35 fragments with the desired specificity for TCL-1 proteins, 
derivatives, or analogs. 
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Antibody fragments which contain the idiotype of th. 
molecule can be generated by Known techniques. For l x 2l 
such fragments include hut are not limitea to: thl "aT, ' 

5 ant a !o e d nt T " n ^ PrOC " UCed by Pepsln Nation of the 
5 antibody molecule; the Fab< fragments which can be generated 
by reducing the disulfide bridges of the FfabM f ' e "«ated 
the Fab f regents which can be generated Z J^ZTT' "* 
antibody molecule with papain and a reducing Igent 
10 „ the .P rodu =«°" of antibodies, screening for the 

the * antlb0dy Mn "* — * ^chnigues Known in 
the art. e.g. ELISA <enzyme-li„ k ed immunosorbent assay, For 
example, to select antibodies which recognize a specific 
doma ln of a «. f protetn , one may assay ^^^^P l £ 

15 dILin T ^ bindS ^ 3 TCL - X f "^ 6nt containing such 
domain. For selection of an antibody specific to human TCL-1 
one can select on the basis of positive binding to human TCL-1 
and a lac* of binding to, for example, mouse TCL-1 

th. T £ ° re90in, antib odies be used in methods known in 

the art relating to the localization and activity of the 

^7 SeqUe " 0eS ° f ^ inVenti ° n ~ S «"°« ^7. 

there!; V 9 """ ima * in * the " Proteins, measuring ievels 
thereof ln appropriate physiological samples, etc. 



S.7. 

25 



^ Structure of th e ^, gen. rrr „„ h| 
The structure of the TCL-1 gene and protein can be 
analyzed by various methods known in the art. 



*«7.i. Genetic Anal Y M q 

30 ,- K ThB C1 °" ea ° r CDNA c orres P onding to the TCL-1 gene 

3. can be analyzed by methods including but not limited to 

^•so'sivrrr 16 " (southern ' j - m.. . 

ft H ° rthern "^idization (see, e.g.. Freeman et 

' l ' 83 ' grgc - Natl. aoh „ r n 1£ . , ni , |UJ||J 

restriction ehdonuclease mapping (Maniatis, T. 1982 
33 Molecular cloning, A Laboratory, cold Spring Harbor. ' New 

,ln '., an<1 SeqUenCe Polymerase chain reaction 

(PCR; U.S. Patent Nos. 4,683, 2 o 2 . 4,683, i 95 , and 4 , 889 , 818; 
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Gyllenstein et al . , 1988, Pror Natl . ^ad. gey USA 85:7652- 
7656; Ochman et al., 1988, Genetics JL2J): 621-623 ; Loh et al . , 
1989 SSLifince 24JL:217-220) followed by Southern hybridization 
with' a TCL-l-specific probe can allow the detection of the 
5 TCL-1 gene in DNA from various cell types. In one embodiment, 
Southern hybridization may be used to determine the genetic 
linkage of TCL-1. PCR followed by hybridization assay can 
also be used to detect or measure TCL-1 RNA or 14q32.1 
chromosomal abnormalities. Northern hybridization analysis 
10 can be used to determine the expression levels of the TCL-1 
g ene. Other assays are described in Section 5.8.1. Various 
cell types, at various states of development or activity can 
be tested for TCL-1 expression. The stringency of the 
hybridization conditions for both Southern and Northern 
15 hybridization, or dot blots, can be manipulated to ensure 
detection of nucleic acids with the desired degree of 
relatedness to the specific TCL-1 probe used. 

Restriction endonuclease mapping can be used to roughly 
determine the genetic structure of the TCL-1 gene. 
20 Restriction maps derived by restriction endonuclease cleavage 
can be confirmed by DNA sequence analysis. 

DNA sequence analysis can be performed by any techniques 
Known in the art, including but not limited to the method of 
Maxam and Gilbert (1980, N^M • EPZYmol. 65:499-560), the 
25 Sanger dideoxy method (Sanger et al . , 1977, P rnr Natl. Acad . 

74:5463), the use of T7 DNA polymerase < Tab °^ 
Richardson, U.S. Patent No. 4,795,699) , or use of an automated 
DNA sequenator (e.g.. Applied Biosystems, Foster City, CA) . 
The cDNA sequence of a representative TCL-1 gene comprises the 
30 sequence substantially as depicted in Figure 3A (SEQ ID NO: 
1), and described in Section 6, infra. 

5.7.2. »r~— '1" analysis 

The amino acid sequence of the TCL-1 protein can be 
35 derived by deduction from the DNA sequence, or alternatively, 
by direct sequencing of the protein, e.g., with an automated 
amino acid sequencer. The amino acid sequence of a 
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representative TCL-l protein comprises the sequence 
substantially as depicted in Figure 3A (SEQ id no- 2) and 
detailed in Section 6, infra with th e L n 

, wxtn the representative nat-nro 

protein that is shown by aalno acid nUBbers matura 

5 The TCL-1 protein sequence can be further ch,r, w . • „ 

hy a hydrophilicity analysis ( Hopp. T. and Woods T,* 

caT: -f*? ^ ™ 2S:3 " 4 ' • A >i icity Profile 

can he used to identify the hydrophobic and hydrophilL 

regions of the protein and the corresponding regions of 

10 the gene sequence which encode such regions 

1974 S l2T ry ! trUCtUrSl a -™* »• «d Fasten, c. 

1974, B , v c n e m1 st rv u^^, can also be don identlfy 

" or. di M ^ iPUlati0 "' translatto "- — -=ondary structure 
olott " " ° Pen readin9 tr « P"<»ictio„ and 

oro!r a r 9 ' Ca ", alSO ^ •°~"« > "—<' -*»» ^puter software 
programs available in the art. 

other methods of structural analysis can also be 
20 employed. These include but are not limited to x-ray 

rTa t nd ll09r T <En9St ° B ' *" " 74 ' ■ 1 " 0h ~ — °- U=7- 
13) and computer modeling (Fletterick. R. ana 2oller , „ ~ 

barren: c""' """"^ Holac «l« Modeling, in 

25 narb!r r. a r U r Catl ° nS * H ° leOUl " Cold Spring 

25 Harbor Laboratory. Cold Spring Harbor, Hew York, . 

5.0. oses of tcl-1 and its tcl-i Protein 

Product and toH M tM Tl,.r.f- q 

th. ^f! 11 ?"" 81 ^ ansloca "°" s and inversions associated with 
„ the TCL-1 locus on chromosome 14, e.g., t (14 : 14) (qll ;q32> 
chromosome translocation, inv(l 4 / ( q 11;q32) chromoso „ e 
inversion, and t(7 : 14) (,35=q32) chromosome translocation, are 

Includtr TT SeVeral T-cell leukemias, 

including but not limited to. T-prolymphocytic leukemias ,T- 
" ™ ' B " to -Babapulle and Catovsky, 1991 , Cane( , r figngt 
SJOaaeasS. 15=1-9,, acute and chronic leukemias associated 
With the immunodeficiency syndrome ataxia-telangiectasia (AT) 
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(Russo et al., 1988, Ce ll 53.: 137-144; Russo et al . , 1989, 
?r ^. Natl A^*d. sci. USA 86:602-606) , and adult T-cell 
leukemia (Virgilio et al . , 1993, PNAS 90:9275-9279),. In some 
cases of AT-associated translocations, in T-cell leukemia and 
5 lymphoma involving the I4q32.1 band, clonal expansion of cells 
carrying abnormalities in 14q32.1 have been documented in some 
cases prior to the development of overt malignancy (Russo, et 
al. (1988) cell vol. 53, pg. 137-144). Therefore, a TCL-1 
polynucleotide, its TCL-1 protein product and antibodies 
10 thereto can be used for diagnostic and/or therapeutic/; 

prophylactic purposes for the above described diseases, as 
well as other disorders associated with chromosomal 
translocations and inversions associated with the TCL-1 locus 
and/or, increased expression of TCL-1 RNA or protein. A TCL-1 
15 polynucleotide, its TCL-1 protein product and antibodies 
thereto may be used for therapeutic/prophylactic purposes 
alone or in combination with other therapeutics useful in the 
treatment of T-cell leukemias. Such molecules can also be 
used in diagnostic assays, such as immunoassays , to detect, 
20 prognose, diagnose, or monitor various conditions, diseases, 
and disorders associated with TCL-1 gene expression or monitor 
the treatment thereof. Accordingly, in specific embodiments, 
T-cell malignancies or premalignant changes in such tissues is 
diagnosed by detecting increased TCL-1 expression in patient 
25 samples relative to the level of TCL-1 expression in an 

analogous non-malignant sample (from the patient or another 
person, as determined experimentally or as is known as a 
standard level in such samples). For diagnostic purposes, a 
TCL-1 polynucleotide may be used to detect TCL—1 gene 
30 expression or increased TCL-1 gene expression in disease 
states, such as, T-cell leukemias and, lymphomas. For 
therapeutic purposes, a TCL-1 protein can be, used to make 
anti-TCL-l antibodies that may .neutralize the activity of TCL- 
1. included within the scope of the present invention are 
35 oligonucleotide sequences, , that include antisense RNA,. and DNA 
molecules and ribozymes, that function to inhibit, expression 
of a TCL-1 RNA or protein. 
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5.8.1. Diaonofl^ ic Qsea 

As illustrated infra, the iw-i 

j.j. a , tne tcl-1 gene sequence is 

translocates and inversions around the TCL-l locus is 

!" ferentially eXpressed °"*y - * and B lymphocyte' 
differentiation and demonstrates a high level of expression in 
cells from patients diagnosed with T-PLL carrying Torsion 
of chromosome 14, inv<l4, (q n ;q 3 2) or patients carrying a 
t,l4:14,, q ii ;q32) chromosome translocation. Accordingly. TCL— 
JIT SeqUen ° eS nay be Used "a 9 nostically for the detection 
of diseases states resulting from chromosomal abnormalities, 

let', TZl lT^' inVerSi °" S a " d ^^tions. involving the 
ZtA I T Chr ° mOSO * e 14 ■ "-oleic acids comprising Tex.-! 

» nucieot T SB,UanC " °* 1SaSt 8 "- le «"es. at least 15 
15 nucleotides, at least 25 nucleotides, at least 50 nucleotides 
at least 100 nucleotides, at least 300 nucleotides, at least 
300 nucleotides, of at least 337 nucleotides up to 1324 
nucleotides of SEQ ID no* i . 

u ' 1 ma Y be used as probes in 

hybridization assays for the detection and measurement of TCL- 
20 1 gene Nucleic acids of not more th*n 5 kilobases, of not 

Zl ^.JV 1101 --"' ^ m ° re " not more 

than 50 kilobases or not more than 70 kilobases which are 

hybridizable to a TCL-l gene, cDNA, or complementary strand 
can be used as probes in hybridization assays for the 

25 detection and measurement of TCL-l nucleotide sequences. As 
an example, the TCL-l DNA sequence may be used in 
hybridization assays, e.g.. Southerner Northern analysis, 
including xn situ hybridization assays, of patient's samples 
to diagnose abnormalities of TCL-l expression. Hybridization 

30 assays can be used to detect , prognose , diagnose, or monitor 
conditions, disorders, or disease states, such as T-celi 
malignancies, associated with aberrant changes in TCL-l 
expression and/or activity as described supra. in particular 
such a hybridization assay is carried out by a method 
35 comprising contacting a sample containing nucleic acid with a 
nucleac acid probe capable of hybridizing to TCL-l DNA or RNA 
under conditions such that hybridization can occur and 
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detecting or measuring any resulting hybridization. In 
particular, hybridization assays can be used to detect the 
presence of abnormalities associated with increased expression 
of TCL-l mRNA, by hybridizing mRNA or cDNA from a patient 
5 sample to a TCL-l probe, and measuring the amount of resulting 
hybridization. For example, assays which can be used include, 
but are not limited to Northern blots, Dot blots, reverse 
transcriptase PCR, etc. A preferred hybridization assay is 
Northern blot analysis of a patient sample using TCL-l gene 
10 probes of at least 15 polynucleotides up to the full length 
cDNA sequence shown in Figure 3A. Another preferred 
hybridization assay is in situ hybridization analysis of a 
patient sample using anti-TCL-1 antibodies or TCL-l nucleotide 
hybridization probes. Such techniques are well known in the 
15 art, and are in fact the basis of many commercially available 

diagnostic kits. 

As used herein, patient samples which can be used 
include, but are not limited to, fresh or frozen tissue 
samples, which can be used in in situ hybridization assays; 
20 cell or tissue samples containing T-lymphocytes and, in 
general, patient samples containing nucleic acid, such as 
peripheral blood lymphocytes (PEL) and T-lymphocytes which can 
be used in assays that measure or quantitate TCL-l nucleic 

25 aCld ' Polynucleotide sequences of TCL-l consisting of at least 
8 to 25 nucleotides that are useful as primers in primer 
dependent nucleic acid amplification methods may be used for 
the detection of TCL-l gene sequences in patient samples 
Primer dependent nucleic acid amplification methods useful in 
30 the present invention include, but are not limited to, 

polymerase chain reaction (PCR) , competitive PCR, cyclic probe 
reaction, and ligase chain reaction. Such techniques are well 
Known by those of skill in the art. A preferred nucleic acid 
amplification method of the present invention is reverse 
35 transcriptase PCR (RT-PCR) Siebert et al . , 1992, Mture 
359;557-558) ♦ 
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in a particular embodiment of the present invention, each 
prxmer of a pair of primers for use in a primer de P ende n ; 
nucleic acxd amplif i cation roetnod is selected ^ & 

exon of the genomic tcl-1 nucleotide sequences. For example 

th TJT^ ^ " ° r PrimerS 1S SelCCted '~ — l ot 

the TCL-1 genomxc sequence, the second primer will be selected 

eZorrif ' 3 " 4 ° f TCL ' 2 9en ° miC Seq — As «noth« 

example, xf one prxmer of a pair of primers is selected from 

10 * X ° n ' °l T 6 TCL - J genomic -quence, the second primer will 
10 be selected from exon 1, 3, or 4 of the TCL-1 genomic 

sequence. By selecting each primer of a pair of primers for 
use xn a primer dependent nucleic acid amplification method 
from a different exon, amplified genomic nucleotide sequences 
can be distinguished from amplified cDNA nucleotide sequences 
15 due to the size difference of the resulting amplified 

sequences. Resulting amplified genomic nucleotide sequences 
wxll contain amplified intron sequences and will be of a 
larger size than amplified cDNA nucleotide sequences that will 
not contain amplified intron sequences. For amplification of 
20 cDNA nucleotide sequences, the primer sequences should be 

selected from exons sequences that are sufficiently far enough 
apart to provide a detectable amplified nucleotide sequence. 

The TCL-1 gene sequences of the present invention may be, 
used diagnostically for the detection of chromosome 14 
25 abnormalities, in particular translocations t(14:l4) (qli:q32) 
and inv(l4) (qll;q32) inversion at 14q32.1. Accordingly, the 
present invention provides a process for detecting a target 
sequence indicative of or including a chromosome 14 
abnormality in a sample, comprising the steps of amplifying 
30 the target sequence in the sample using a first primer of 8 to 
25 nucleotides, preferably 18-35 nucleotides, complementary to 
the nucleotide sequence of SEQ. ID NO: 1 or SEQ ID NO: 3, and a 
second primer complementary to a region teleomeric or 
centromeric to the TCL-1 gene and detecting any resulting 
35 amplified target sequence in which the presence of the 

amplified target sequence is indicative of the abnormality. 
The present invention also provides a method of diagnosing a 
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T-cell malignancy associated with chromosome 14 abnormalities 
in a patient comprising, detecting said chromosome 14 
abnormality according to the method above in which the 
presence of the amplified target sequence indicates the 
5 presence of a T-cell malignancy in the patient. The resultant 
amplified target sequence can be detected on gel 
electrophoresis and compared with a normal sample or standard 
that does not contain a chromosome 14 abnormality. Virgilio 
et al., supra, disclose polynucleotide sequences useful as 
10 second primers. Other polynucleotide sequences useful as 
second primers can be selected from the T-cell receptor a/S 
locus, the T-cell receptor 0 chain, or if the chromosome 14 
abnormality involves an inversion, a polynucleotide sequence 
5« to exon 1 of the TCI.-1 gene, or if the chromosome 
15 abnormality involves a translocation, a polynucleotide 
sequence 3' to the 3' intron of the TCL-1 gene. The 
amplification of genomic DNA target sequences may require 
generating long PCR products. PCR techniques for generating 
long PCR products are described in Science (1994) 263:1564- 
20 1565; PCR kits for generating long PCR products are available 
from Perkin Elmer and Takara Shuzo Co., Ltd. The present 
invention also provides a method for detecting a target 
nucleotide sequence indicative of or including at least a 
portion of a chromosome 14 abnormality in a nucleic acid 
25 sample, comprising the steps of hybridizing the sample with a 
nucleic acid probe of not more than 10 kilobases, comprising 
in the range of 15-1324 nucleotides complementary to at least 
.a portion of the nucleotide sequence of SEQ ID NO: l; and 
detecting or measuring the amount of any resulting 
30 hybridization between the probe and the target sequence withxn 
the sample. The resultant hybridization between the probe and 
the target sequence within the sample can be .detected using 
gel electrophoresis and can be compared to a target sequence 
from a normal sample or standard that does not contain a 
35 chromosome 14 abnormality. The present invention also 

provides a method of diagnosing a T-cell malignancy associated 
with chromosome 14 abnormalities in a patient comprising, 
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detecting said chromosome 14 abn 0 rm a Hf, 

m-t-v^ k abnormality according to the 

method above xn which the presence of the amplified taraet 
sequence indicates the presence of a T-cell ! 9 
Patient. Solute complementarity ^\^^ t £ th " 
5 prohe and a target sequence, although preferred, is not 
requxred. A sequence "complementary to at lea s ; [Jill 
of" a o >-o^v-*.«^ . ' u xeast a portion 

!Ln, " ferred t0 herein - a sequence having sufficient 

complementarity to be able to hybridize with the nllei" Icld 

10 hT"^ 9 * "^^ hybrid """« «»P1«. The ability to 
10 hybridize will de pend on botn th to 

and the length of the nucleic acL o.nerajrTT' ^ 
h ., Kv .. . generally, the longer the 

hybridizing nucleic acid, the nor. h„. 

, BM . ,„ ^ . ' tne more base mismatches with a TCL- 

1 RNA it may contain and still form a stable duplex (or 
triplex as the case may be, . One sKilled in the art can 
—**•*» a tolerable degree of mismatch by use of standard 
Procedures to determine the melting point of the 

An additional aspect of the present invention 

2. lllTlnl r 9n0 " iC kltS £ ° r «» action or measurement of 
" se « uen <=« TCL-1 protein. Accordingly, the 

present invention provides a diagnostic Kit comprising In a 

lull?" 3 r P ° Und CMprisi - * P»- of not more than 10 
' of the t C °" PriSin9 in th * ""ve of is-13 2 « nucleotides 
of the nucleotide sequence of SEQ ID NO: ! or its complement 

Kit 112 ely ' ^ provides a diagnostic 

IliT ' nucleotides in which at least one of said 

wherein " '° ^ " H °= 1 " — Plement and 

3. an amolir , PriMrS "™ MPable ° £ Pri » in * cDH * s Vnthesis in 
3. an amplification reaction. The present invention also 

zT»fV gnostic Kit in which at least one of the primers 

one of the"or ^ ^ " 1 " — *— * - 

telomL! " hybridl " ble '° * DNA sequence located 

3S !„b T Centr ° neric <=° th « «*■! 9 ene. in a specific 

35 embodiment, one of the foregoing compounds of the container 
can be detectably labeled. 



WO 96/13514 



PCTWS95/13663 



The amplification reaction of the present invention may 
be a polymerase chain reaction, competitive PCR and 
competitive reverse-transcriptase PCR (Clementi et al., 1994, 
r. ? n *t Anal Tech AdpI 11111:1-6 and Siebert et al . , 1992, 
5 Nature 359 :557-558) ; cyclic probe reaction, which allows for 
amplification of a target sequence using a hybrid RNA/DNA 
probe and RNase (ID Biomedical); ligase chain reaction (Wu et 
al. (1989) Genomics vol. 4, pp. 560-569). In a particular 
embodiment, the chromosomal abnormality associated with a TCL- 
10 1 locus can be detected as described in PCT Publication No. 
WO/92/19775, dated November 12, 1992. In a specific 
embodiment, the TCL-1 probe used in a hybridization assay is 
detectably labeled. Such a label can be any known in the art 
including, but not limited to, radioactive labels, fluorescent 
15 labels, biotin, chemiluminescent labels, etc. 

In a specific embodiment in which the assay used employs 
primers, at least one primer can be detectably labeled. In 
another embodiment, one of a primer pair is attached to a 
moiety providing for capture, e.g., a magnetic bead. 
20 Anti-TCL-l antibodies may be generated and used 

diagnostically to detect the presence of TCL-1 protein product 
in patient samples thereby identifying disease states 
associated with chromosome 14 .abnormalities. . For detection of 
TCL-1 protein sequences, a diagnostic kit pf the present 
25 invention comprises, in one or more containers, an anti-TCL-1 

antibody which optionally , can be. detectably labeled. In a 
3 different embodiment, the. kit can comprise in a container, a 
labeled specific binding portion of an antibody. As used 
herein, the term, detectable label refers to any label which 
30 provides directly or indirectly a detectable signal and 
includes, for example, enzymes, radio label led molecules, 
fluorescent molecules, particles, chemiluminesors, enzyme 
substrates or cof actors , enzyme inhibitors, or magnetic 
particles. Examples of enzymes useful as detectable labels in 
35 the present invention include alkaline phosphatase and horse 
radish peroxidase. A ; variety of methods . are available for 
linking the detectable labels to proteins of interest and 
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include for example the use of a Afunctional agent, such as, 
4,4 '-difluoro-3,3 '-dinitro-phenylsuifone, for attaching an 
enzyme, for example, horse radish peroxidase, to a protein of 
interest. The attached enzyme is then allowed to react with a 
5 substrate yielding a reaction product which is detectable. 
The present invention provides a method for detecting a TCL-1 
protein in a patient sample, comprising, contacting the 
patient sample with an anti-TCL-1 antibody under conditions 
such that immunospecif ic binding can occur, and detecting or 
10 measuring the amount of any immunospecif ic binding by the 
antibody. 

Samples can be any sample from a patient containing TCL-l 
protein, e.g., tissue sections, peripheral blood lymphocytes, 
etc. 

15 In diagnosing disease states, the functional activity of 

TCL-1 proteins, derivatives and analogs may be assayed by 
various methods. Accordingly, the present invention also 
provides a method of diagnosing a T-cell malignancy associated 
with chromosome 14 abnormalities in a patient comprising, 

20 detecting increased expression of TCL-1 protein in a sample 
from the patient, in which an increase in TCL-l protein 
relative to the level found iri such an analogous sample from a 
normal individual, iridicates the presence of a T-cell 
malignancy in the patient. 

25 For example, in one embodiment, where one is detecting or 

measuring TCL-1 protein by" assaying for binding to anti-TCL-1 
antibody, various immunoassays known in the art can be used, 
including but hot limited tb competitive and non-competitive 
assay systems using techniques such as radioimmunoassays, 

3 0 ELISA (enzyme linked immunosorbent assay) , "sandwich" 
immunoassays, immunoradiometric assays, gel diffusion 
\ precipitin reactions, immunodiffusion assays, in situ 

immunoassays (using colloidal gold, enzyme or radioisotope 
labels, for example), western blots, in situ hybridizations, 

35 precipitation reactions, agglutination assays (e.g., gel 
agglutination assays, hemagglutination assays) > complement 
fixation assays, immunofluorescence assays, protein A assays, 
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and Immunoelectrophoresis assays, etc. In one embodiment, 
antibody binding is detected by detecting a label on the 
primary antibody. In another embodiment, the primary antibody 
is detected by detecting binding of a secondary antibody or 
5 reagent to the primary antibody. In a further embodiment, the 
secondary antibody is labelled. Many means are known in the 
art for detecting binding in an immunoassay and are within the 
scope of the present invention. In particular, such an 
immunoassay is carried out by a method comprising contacting a 
10 sample derived from a patient with an anti-TCL-1 antibody 
under conditions such that immunospecif ic binding can occur, 
and detecting or measuring the amount of any immunospecif ic 
binding by the antibody. In a specific embodiment, antibody 
to a TCL-1 protein can be used to assay a patient tissue or 
15 serum sample for the presence of a TCL-1 protein where an 
increased level of TCL-1 protein is an indication of a 
diseased condition. In one embodiment of the present 
invention, the TCL-1 protein is detected or measured by 
immunocytochemistry of a patient sample. In another 
20 embodiment, assays to measure the levels of TCL-1 protein or 
RNA can be used to moniter therapy of disease associated with 
increased expression of TCL-1. For example, a decrease in 
levels of TCL-1 RNA or protein after therapy, relative to the 
level found before therapy, may be indicative of a favorable 
25 response to therapy. An increase in such levels after therapy 
may be indicative of a poor response to therapy. 

in another embodiment, the levels of TCL-1 protein or RNA 
expression may be used to stage disease, with an increase m 
TCL-1 protein or RNA expression indicating disease 

30 will be known to the skilled artisan and 

are within the scope of the invention. 

5.8.2. r r«r» r^ tc/yrf >^ Ylwctic ° 3C3 

35 inhibitors of TCL-1 may be used therapeutically for the 

treatment of disease states associated with chromosome 14 
abnormalities, in particular at 14q32.l, and/or increased 
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expression of TCL-1 nrot-ein T _ 

Protein. in an embodiment of the nr es «»r,*- 

a tcw protein and/or ^ "~ «■« «£nrr 

Pr ° teln be to screen for antibodies, peptide, 

or other molecules that bind to the TCI,- 1 protein andTh ' 
s act as agonists or antagonists of tcl-i prolan T "* 

««L 1 protein nay he used to inhibit or prevent a disease 
state associated with chromosome 14 abnormalities and/or 

■i. izz : f tcl " 1 protein - such as T - cei1 -d 

method for treating a disease state associated with a 
chromosome 14 abnormality in mammal suffering fro* a disease 
state associated with a chromosome 14 abnormality conprising 
IS T^tTd' \ the " PeUti «"^ amoun/of J an"!' 

12 r f 7 ' ma,M " al SU " eri "9 from a disease state 
screen " ^"'^ " ^normality. Alternatively, 

screening of organic or peptide libraries with recombinant!; 
expressed TCL-1 protein may be useful for identification of 

20 TZl ZT " *" that IUnCti ° n " inhlbit the «"vity of 

20 TCL-1 protein. Synthetic and naturally occurring products can 

L e iir een : h d in a nunber ° f uays r ° uti - - ^- »r 

skill in the art. 

The ability of antibodies, peptides or other molecules to 

25 ZTl V e " ect ° f TCW protein on disease — -y ^ 

25 monitored. For example, the expression of TCL-1 gene 
sequences or TCL-1 protein sequences may be detected as 
described, supra, both before and after administration of a 
therapeutic composition comprising a TCL-1 nucleotide 
sequence, TCL-1 protein sequence, derivative or analog 
30 thereof, or antibody thereto, of the present invention. 

A TCL-1 polynucleotide may be useful in the treatment of 
various disease states associated with chromosome 14 
abnormalities, such as T-cell leukemias and lymphomas, and/or 
increased expression of TCL-1 protein. By introducing TCL-1 
35 antisense gene sequences into cells, gene therapy can be used 
to treat conditions associated with over-expression of TCL-1 
genes. Accordingly, the present invention provides a method 
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for treating a disease state associated with a chromosome 14 
abnormality in mammal suffering from a disease state 
associated with a chromosome 14 abnormality comprising, 
administering a therapeutically effective amount of a TCL-1 
5 antisense molecule to a mammal suffering from a disease state 
associated with a chromosome 14 abnormality. 

Oligonucleotide sequences, that include antisense RNA and 
DNA molecules and ribozymes . that function to inhibit the 
translation of a TCL-1 mRNA are within the scope of the 
10 invention. ••Antisense" as used herein refers to a nucleic 
acid capable of hybridizing to a portion of a TCL-1 RNA 
(preferably mRNA) by virtue of some sequence complementarity. 
Antisense RNA and DNA molecules act to directly block the 
translation of mRNA by binding to targeted mRNA and preventing 
15 protein translation. In regard to antisense DNA, 

oligodeoxyribonucleotides derived from the translation 
initiation site, e.g., between -10 and +10 regions of a TCL-1 
nucleotide sequence, are preferred. The present invention 
provides for an antisense molecule comprising a nucleotide 
20 sequence complementary to at least a part of the coding 

sequence of a TCL-1 protein which is hybridizable to a TCL-1 
mRNA. The present invention also provides for an antisense 
molecule comprising a nucleotide sequence complementary to at 
least a part of the non-coding sequence depicted in Figure 3B 
25 (SEQ ID NO: 3) or Figure 9 (SEQ ID NO: 5) which hybridizes to 
said sequence depicted in Figure-3B (SEQ ID NO: 3) or Figure 9 
(SEQ ID NO: 5), respectively. In a preferred embodiment of 
the present invention , the antisense gene sequence is derived 
from the 5V non-coding sequence of a TCL-1 gene. In a 
30 particularly preferred embodiment of the present invention, 
the antisense gene sequence is derived from SEQ ID NO: 3. 

Ribozymes are enzymatic RNA molecules capable of 
catalyzing the specific cleavage of RNA. The mechanism of 
ribozyme action involves sequence specific hybridization of 
35 the ribozyme molecule to complementary target RNA, followed by 
a endonucleolytic cleavage. Within the scope of the invention 
are engineered hammerhead motif ribozyme molecules that 
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specifically and efficiently catalv^o 

of TCL-1 RNA sequences. * endonucleolytic cleavage 

Specific ribozyme cleavage sites wit-h^ 
target are initially identified by s'annin^ " P°*ential rh A 
S molecule for ribo^e cie.vage s^Z^ 

between 15 and 2 0 ribonucleotides 
corresponding to the region of the tarr.pt 

rr , B site My be evaluated - s^s-j^"' che 

i. features such as secondary structure that may render the 
oligonucleotide sequence unsuitable. The suIJbM I 
candidate targets may also be evaluate^ t.«i„ g th 
accessibility to hybridisation with ccpie^enta:; 9 

XS " e a 0 nT = ' USin9 rib ° nUCl «" tion assays. 

the in B :: n h t o": 1 ::;-:: z^z moiecuies - — - 

for the synthesis of LHolecuLs ^inTd ^ 

f : r c h i synthasmng ougoaao js^^srrr" 

known in the art such as for example solid phase 

IT T 6 Che " iCal S ™>""*- Alternatively. RNA 

molecules may be generated by in vitro and in viv *' 

iie n c s uT: pti ::ch of D r sequences encoding the »» 

varied of velL. vniT ^ • 

» promoters sucn es the ^ r^TooT SUitaWe ^ P ° ly, " e " Se 
,, f „„ v , T7 or SP6 Polymerase promoters. 

Alternatively, antisense cDNA constructs that synthesize 

TZZ\Z T"^"- 1 - « ^«=i«V, aepeldin, on the 
promoter used, can be introduced stably into cell lines. 

» i„t I " ,0<li " c " i °'» <=° the ONA molecules may be 

and nalf^r 3 neanS °' inC ""^ intracellular stability 
"mited I \r P ° SSible "° dif "«"- i-clude but are not 
limited to the addition of flavin, sequences of ribo- or 
deoxy- nucleotides to the >• ., 

the us. of „k . ' and/or 3- ends of the molecule or 

35 nhLZ, Pnosphorothibate or 2- o-m.thyl rather than 
35 phosphodiesterase linkages within +h« . ^ 

backbone. O ^godeoxyribonucleotide 
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15 



Methods for introducing nucleic acid into cells or tissue 
include methods for in vitro introduction of nucleic acid such 
as the insertion of naked nucleic acid, i.e., by injection 
into tissue, the introduction of a nucleic acid in a cell ex 
5 vivo, the use of a vector such as a virus, retrovirus, phage 
or plasmic, etc. or techniques such as electroporation which 
may be used in vivo or ex vivo. 

Other methods will be known to the skilled artisan and 
are within the scope of the invention. 

10 

5*9. Demonstration of Therapeutic 

or Prophylactic Utility 

The TCL-1 polynucleotides, TCL-1 protein products, 
derivatives and analogs thereof, and antibodies thereto, of 
the invention can be tested in vivo for the desired 
therapeutic or prophylactic activity. For example, such 
compounds can be tested in suitable animal model systems prior 
to testing in humans, including but not limited to rats, mice, 
chicken, cows, monkeys, rabbits, etc. For in vivo testing, 
prior to administration to humans, any animal model system 
known in the art may be used. 

5 • 9 • 1 . Therapeutic/Prophylactic 
Methods and Compositions 

The invention provides methods of treatment and 
25 prophylaxis by administration to a subject of an effective 
amount of a Therapeutic, i.e., a TCL-2 polynucleotide, TCL-1 
protein, derivative or analog thereof, or antibody thereto of 
the present invention. In a preferred aspect, the Therapeutic 
is substantially purified. The subject is preferably an 
30 animal, including but not limited to animals such as cows, 
pigs, chickens, etc., and is preferably a mammal, and most 
preferably human. 

Various delivery systems are known and can be used to 
administer a Therapeutic of the invention, e.g. , encapsulation 
35 in liposomes, micrdparticles , microcapsules, expression by 
recombinant cells, receptor-mediated ehdocytosis (see, e.g., 
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a I ' 19 ! 7 ' ^ r * ™' ^-"-443 2) , construction 

of a therapeutic nucleic acid as part of a retroviral or other 
vector, etc. Methods of introduction include but are not 
limited to intradermal, intramuscular, intraperitoneal 
5 xntravenous, subcutaneous, intranasal, and oral routes' The 
compounds may be administered by any convenient route 'for 

example by infusion or bolus iniection w« ^. ' 

i injection, by absorption through 

epithelial or mucocutaneous li nings (e . g ., oral ^ £ 

in an ^ ln ^ Stinal MUCOS *< -d may be administered together 

10 with other biologically active agents. Administration Ian be 
systemic or local. In addition, it may be desirable to 
introduce the pharmaceutical compositions of the invention 
into the central nervous system by any suitable route 
including intraventricular and intrathecal injection-' 
15 intraventricular injection may be facilitated by an ' 
intraventricular catheter, for example, attached to a 
reservoir, such as an Ommaya reservoir. 

In a specific embodiment, it may be desirable to 
administer the pharmaceutical compositions of the invention 
20 locally to the area in need of treatment; this may be achieved 
by, for example, and not by way of limitation, local infusion 
during surgery, topical application, e.g., in conjunction with 
a wound dressing after surgery, by injection, by means of a 
catheter, by means of a suppository, or by means of an 
25 implant, said implant being of a porous, non-porous, or 

gelatinous material, including membranes, such as sialastic 
membranes, or fibers, in one embodiment, administration can 
be by direct injection at. the site (or former site) of a 
malignant tumor or neoplastic or pre-neoplastic tissue. 
30 In a s P ec ifi<= embodiment where the Therapeutic is a 

nucleic acid encoding a, protein- therapeutic, the nucleic acid 
can be administered in vivo to promote expression of its 
encoded protein, by constructing it as part of an appropriate 
nucleic acid expression vector and administering it so that it 
35 becomes intracellular, e.g., by use of a retroviral vector 

(see U.S. Patent No. 4, 980, 286) , or by direct injection, or by 
use of microparticle bombardment (e.g., a gene gun; Biolistic 
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Dupont) , or coating with lipids or cell-surface receptors or 
transfecting agents, or by administering it in linkage to a 
homeobox-like peptide which is known to enter the nucleus (see 
e.g., Joliot et al . , 1991, Pror.. Natl- h™a. Scj. USA 
5 M:1864-1868) , etc. Alternatively, a nucleic acid therapeutic 
can be introduced intracellular ly and incorporated within host 
cell DNA for expression, by homologous recombination. 

The present invention also provides pharmaceutical 
compositions. Such compositions comprise a therapeutically 
10 effective amount of a therapeutic, and a pharmaceutical^ 

acceptable carrier or excipient. Such a carrier includes but 
is not limited to saline, buffered saline, dextrose, water, 
glycerol, ethanol , and combinations thereof. The carrier and 
composition can be sterile. The formulation should suit the 
15 mode of administration. 

The composition, if desired, can also contain minor 
amounts of wetting or emulsifying agents, or P H buffering 
agents. The composition can be a liquid solution, suspension, 
emulsion, tablet, pill, capsule, sustained release 
20 formulation, or powder. The composition can be formulated as 
a suppository, with traditional binders and carriers such as 
triglycerides. Oral formulation can include standard carriers 
such as pharmaceutical grades of mannitol, lactose, starch, 
magnesium stearate, sodium saccharine, cellulose, magnesium 

25 carbonate, etc. 

in a preferred embodiment, the composition is formulated 

in accordance with routine procedures as a pharmaceutical 

composition adapted for intravenous administration to human 

beings. Typically, compositions for intravenous 

30 administration are solutions in sterile isotonic aqueous 

buffer. Where necessary, the composition may also include a 

solubilizing agent and a local anesthetic such as lignocaine 

to ease pain at the site of the injection. Generally, the 

ingredients are supplied either separately or mixed together 

35 in unit dosage form, for example, as a dry lyophilized powder 

or water free concentrate in a hermetically sealed container 

such as an ampoule or sachette indicating the quantity of 
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active agent. Where the composition is to ho * • 

:::::r n ' 11 can ba di — * ^ :„t:;r ered by 

th. t t h . ingre<Jients may be nixed Pri ::\r-: d : n s r : r v : :: n so 
^ToTztt" of the invention - - ~;:r:::r as 

tartaric acids, etc fl „H * lc ' °xalic, 

' etc., and those formed with 

15 The amount of the Therapeutic of «-h. ■ 

be effective in the treatment" of a llrtTjZ^V^ 
coition .ill de P end on the nature 0^^1,0^ " 
condxtxon. ana can be determined by standard clinica ° r 

*. zr.zz zzzr* * ay optiMa - - 

aose to be employ in 2.°^^^ 
route of administration, ana the seriousness of the a *" 
axsoraer, end should be aeciaea accoraw to iL Ts " 
the practitioner and each patient's 1^ ! ]ud » ment ° £ 

» suitable aosage ranges tor intr.v ClrCU " Stances - H °<«"er. 

^ langes tor intravenous administration 
generally about 20-500 microarams of «. • iniSt:rat:ion are 
Kilogram body weight S^ILTh " C6inPOUnd PCr 

administration 111 SUitabIe d ° Sage ranges for intranasal 

contain x„ to s S% ^^C^s. f ° raUlati ° nS 

« The invention also provides * 

. . provides a pharmaceutical pack or kit 

comprising one or more containers fin ed w.«, _ Xt 

th*. i n ^;. , rilled with one or more of 

the mgredxents of the pharmaceutical compositions o, the 
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invention. Optionally associated with such container (s) can 
be a notice in the form prescribed by a governmental agency 
regulating the manufacture, use or sale of pharmaceuticals or 
biological products, which notice reflects approval by the 
5 agency of manufacture, use or sale for human administration. 

5.9.2. Antisense Regulation of 
TCL-l Gene Expression 

The present invention provides the therapeutic or 
prophylactic use of nucleic acids of at least six nucleotides 
that are antisense to a gene or cDNA encoding TCL-l or a 
portion thereof (see also Section 5.8.2). Such antisense 
nucleic acids have utility as Antagonist Therapeutics of the 
invention, and can be used in the treatment or prevention of 
disorders, e.g., T-cell malignancies as described supra in 
Section 5.8. 

The antisense nucleic acids of the invention can be 
oligonucleotides that are double-stranded or single-stranded, 
RNA or DNA or a modification or derivative thereof, which can 
be directly administered to a cell, or which can be produced 
intracellular ly by transcription of exogenous, introduced 
sequences . 

In a specific embodiment, the TCL-l antisense 
polynucleotides provided by the instant invention can be used 
for the treatment of disease states associated with chromosome 
14 abnormalities, in particular at I4q32.1, wherein the 
disease state can be demonstrated (in vitro or in vivo) to 
express the TCL-l gene. Such demonstration can be by 
detection of TCL-l RNA or of TCL-l protein. 

The invention further provides pharmaceutical 
30 compositions comprising an effective amount of the TCL-l 

antisense nucleic acids of the invention in a pharmaceutical^ 
acceptable carrier, as described supra in Section 5.9.1. 
Methods for treatment and prevention of disease states 
associated with chromosome 14, such as T-cell malignancies 
35 comprising administering the pharmaceutical compositions of 
the invention are also provided. 
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In another embodiment, the invention is directed to 
methods for inhibiting the expression of a TC-l nulL acid 
sequence in a proKaryotic or euicaryotic cell comprising 
providing the cell with an effective amount of a composition 

compr T he n ™v: n ; sense tcl -' n — - - -v p :::ir 

The TCL-l antisense polynucleotides are of at least six 
nucleotides and are preferably oligonucleotides (ranging from 
6 to about 50 oligonucleotides, . m specif ic aspeot * 
oligonucleotide is at least 10 nucleotides, at least 0 
1. nucleotides, at least 30 nucleotides, or at least lo 
nucleotides. The oligonucleotides can be DNA or RNA or 
chimeric mixtures or derivatives or modified versions thereof 

single-stranded or double-strand ™ , ■ 

h. ~~>,.- ^ - stranded. The oligonucleotide can 

be modified at the base moiety, sugar Boiety , or phosphate 

» backbone. The oligonucleotide may include other appending 
groups such as peptides, or agents facilitating transport 
across the cell membrane (see. e.g.. Letsinger et el." i 9 89 . 
Prop, Natl taflg, Scj n« a M: 6553-6558; Lemaitre et al 
1987 ' E r ° C - "«t,l , ftcav, s ri BS fl fl4.:64B-652; POT Publication 

" bTrrlL 8 :: 0 ' 810 ' PUbliShed »' »"> « 

^ " PUbliCatio " ■»• WO 89/10134, published 

e g ^1 el"; hybr " i "" 0 "^^»<» Cleavage agents (see! 
e.g., Krol et al . , 1988, BUfflaSlUligaas 1:958-976) or 

» s \ n ^ Ml " tln ' «— • zon. 1988, fifca^^. S!539 . 

The oligonucleotide may be conjugated to another 
molecule, e.g., a peptide, hybridiration triggered cross- 
linking agent, transport agent, hybridization-triggered 
cleavage agent, etc. 

30 sta d 01 H ig ° nUCleOtides of «- invention may be synthesized by 
standard methods known in the art, e.g., by use of an 
automated DNA synthesizer (such as are commercially available 
from Biosearch, Applied Biosystems, etc.). As examples, 

35 stlln T^ 10 ^ ° li90S ^ S * nthesi ~* *y the method of 

35 stein et al . (1988, Nu gl . ftcj^ pe ., ^.3209). 

methylphosphonate oligos can be nren-roH x„ 

v wn De prepared by use of controlled 
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pore glass polymer supports (Sarin et al . , 1988, Proc, Natl, 
Acad. Sci. USA . fi5_: 7448-7451) , etc. 

In a specific embodiment, the TCL-1 antisense 
oligonucleotide comprises catalytic RNA, or a ribozyme (see, 
5 e.g., PCT International Publication WO 90/11364, published 
October 4, 1990; Sarver et al . , 1990, Science 247:1222-1225). 
In another embodiment, the oligonucleotide is a 2'-0- 
methylribonucleotide (Inoue et al., 1987, Nu.Cl, Acids Res» 
15_:6131-6148) , or a chimeric RNA-DNA analogue (Inoue et al . , 
10 1987, FEBS Lett . 215.: 327-330) . 

In an alternative embodiment, the TCL-1 antisense nucleic 
acid of the invention is produced intracellular ly by 
transcription from an exogenous sequence. For example, a 
vector can be introduced in vivo such that it is taken up by a 
15 cell, within which cell the vector or a portion thereof is 
transcribed, producing an antisense nucleic acid (RNA) of the 
invention. Such a vector would contain a sequence encoding 
the TCL-1 antisense nucleic acid. Such a vector can remain 
episomal or become chromosomally integrated, as long as it can 
20 be transcribed to produce the desired antisense RNA. Such 
vectors can be constructed by recombinant DNA technology 
methods standard in the art. Vectors can be plasmid, viral, 
or others known in the art, used for replication and 
expression in mammalian cells. Expression of the sequence 
25 encoding the TCL-1 antisense RNA can be by any promoter known 
in the art to act in mammalian, preferably human, cells. Such 
promoters can be inducible or constitutive. Such promoters 
include but are not limited to: the SV4 0 early promoter region 
(Bernoist and Chambon, 1981, Nature £9^:304-310), the promoter 
30 contained in the 3' long terminal repeat of Rous sarcoma virus 
(Yamamoto et al., 1980, Cell 22:787-797), the herpes thymidine 
kinase promoter (Wagner et al., 1981, proc Nat] T Acad. Scj, 
USA 23.' 1441-1445) , the regulatory sequences of the 
metallothionein gene (Brinster et al., 1982, Nature 226:39- 
35 42) , etc. 

The antisense nucleic acids of the invention comprise a 
sequence complementary to at least a portion of an RNA 
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transcript of a TCL-1 gene, preferably a human TCL-1 gene 

reaulrel "t 1 — »"hou g h preferred, is'not 

required. A sequence "complementary to at least a portion of 
an RNA, " as referred to herein m.>„. portion of 

. „,„, . ^ nerem, means a sequence havinq 

1 to be able to hybridize with the 

■tt. forming a stable duplex; in the case of double-stranded 
TCL-1 antisense nucleic acids, a single strand of the duplex 
DMA may thus be tested, or trim.* r • P 
t>„, ^ triplex formation nay be assayed. 

The ability to hybridize will depend on both the degree of 
10 complementarity and the length of the antisanse nucleic acid. 
Generally, the longer the hybridizing nucleic acid, the more 

r^rrfT" witn a tcl ~ i ^ tm «<« 

a stable duplex (or triplex, as the case may be, . one sxilled 
IS of T T V™ aSC6rtain 3 tol *«»le degree of mismatch by use 

nvbr^ T Pr0 " dUraS t0 d "«-*~ -Iting point of the 
hybridized complex. 

The TCL-1 antisense nucleic acids can be used to treat 
(or prevent, T-cell malignancies, of a cell type which has 
been shown to express TCL-l RNA. Malignant, neoplastic, and 

included " X1S WhiCh °~ ^ tMted f " r such expression 
include but are not limited to those described supra in 

sections 5.8. I„ a preferred embodiment, a single-stranded 
DMA antisense TCL-1 oligonucleotide is used. 

25 TCL 2 ^ 9nant < Parti ° Ularly ' tUDOr > ~" *yPes "hich express 
» TCL-1 rha can be identified by various methods Known in the 

art. such methods include but are not limited to 
hybridization with a TCi-l-specif ic nucleic acid (e.g.. by 
Northern hybridization, dot blot hybridization, in situ 
hybridization,, observing the ability of rna f rom the cell 

30 type to be translated in vitro into TCL-l . etc in a 

preferred-aspect, primary tumor tissue from a patient can be 
assayed for TCL-1 expression prior to treatment. 

Pharmaceutical compositions of the invention, comprising 
an effective amount of a TCL-l antisense nucleic acid in a 

35 pharmaceutical^ acceptable carrier, can be administered to a 
£r en RNA aVi,>9 3 maU9nanCy WhiCh is ° f a *W ^at expresses 
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The amount of TCL-1 antisense nucleic acid which will be 
effective in the treatment of a particular disease state or 
condition will depend on the nature of the disease state or 
condition, and can be determined by standard clinical 
5 techniques. Where possible, it is desirable to determine the 
antisense cytotoxicity of the tumor type to be treated in 
vitro, and then in useful animal model systems prior to 
testing and use in humans. 

In a specific embodiment, pharmaceutical compositions 

10 comprising TCL-1 antisense nucleic acids are administered via 
liposomes, microparticles, or microcapsules. In various 
embodiments of the invention, it may be useful to use such 
compositions to achieve sustained release of the TCL-1 
antisense nucleic acids. In a specific embodiment, it may be 

15 desirable to utilize liposomes targeted via antibodies to 
specific identifiable tumor antigens (Leonetti et al., 1990, 
Prne. Natl. Acad. Sci. USA 87:2448-2451; Renneisen et al . , 
1990, J. Biol. Chem . 2£5_: 16337-16342) . 

20 6. IDENTIFICA TION OF THE TCL-1 GENE 

This example describes the isolation and characterization 
of the TCL-1 gene. Two procedures were undertaken in order to 
isolate the TCL-1 gene. In one procedure, cDNA libraries, 
constructed from mRNA from an endemic Burkitt lymphoma cell 
25 line and two pre-B cell lines, Daudi, 697 and ALL1 were 
screened using unique probes from the TCL—1 locus on 
chromosome 14. In the second procedure, exon trapping method 
(Nehls et al., 1994, Oncogene 9 f 8) : 2169-2175 ; Verna et al . , 
1993, Nucleic Acids Res . 21 f2_2±: 5198: 5202; and Auch et al . , 
30 1990, Nii ^Aic Acids Res . \b(22) : 6743-6744) using genomic DNA 
from PI clones 7-4 and 20-21 was performed. 

6.1. Materials and Methods 

6.1.1. isolation «* Pnicma Probes 
35 Unique probes for the isolation of TCL-1 were derived 

from the human genomic library PI prepared from human 
placental DMA (Virgilio et al., 1993, proc- Ha^L. Acad. SS^ - 
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USA SO !9S75 - 9279)) . virgilio Bt ldentifed 
with Clal and * COJJJ , and the lattar with 

. riu^r r * inMi ' and than aubci ° ned *» «- s» « 

s av.iX.bie fro- stratagene. The subclones were cultured their 
DNA was prepared bv stand.,-* „<_i , cultured, their 

f parea ny standard minipreparation method and 
posxtxve subclones were identified (Sambrook et'al. i 989 

Harbor 1 ^ 1 :"" 9 ' * ^""^ —"L " . CM Spring 
» * * J? ■ " 0rk) - RePMt f " e bNA fragments were 

) d ""b ! d ^ S ° Uthern blDt h ^"^«ion with humln a 0 l 1D L 
(sambrook et al . . „„. Molecular cloning, A laboratory 
Manual, 2d ed. , cold spring Harbor Lab. Press, New York) 



IS 



The pE53 vector, a reproduction of the pHHC2 vector 
(Hamaguchi et al . , i 992 , Proc. ^ ^ „„„,. 

l", ^ T S Pr ° Vided by Dr - »• °"a, at the Jefferson Cancer 

and I " C ° ntainS 3 POrti ° n ° f ««• »• intron 10, 
and a portion of axon 11. A unique BgUX site is present in 

J 10 " 1 " 9 - °" e - 0t the D1 ** °* «■ and 

" r ' " 9ested with sau " and the di ' e " ea °»* 

clonic I", .: 819 " betWeen °- 5 Kb ^ 5Kb — is ^«ed and 
cloned into the BglJX site of p ES 3. 5 to 10 m, was 

35 * a a " fe " ed int ° se '" i - c ° n «-»t: COS-7 dells using lipofectase 

III t BRL> ' After *? h ° U "' t0til *»* isolated 

as descrxbed by Buckler et *7 ,to«, „ 

x oucjtier ec. al . (1991, Proc, Acad sei 

^M=400 5 -400 9) . Amplification of to tal pdy re v erse 

transcr^tion-PCR was carried out with primers and procedures 

3 0 tZ 2 HMa9UChl ai - (1 " 2 - -rod. a!.. ^ 
30 USA £2:9779-9783). 

6ala3a Preparation of e n m y f ^ rrrinn 

A cDNA library from Daudi cell r< n « 

1 ceAi -Line was constructed with 

35 1 ^ ° DHA SyntheSiS ' f "- ""tagene. 

35 The ligation was packaged with Gigapak H Go id packaging 

extract (stratagene) . cDHA libraries constructed from the 
cell lines AU.1 and 6 9 7 were kindly donated by Dr. T. Nakamura 
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and Dr. A. ar-Rushdi respectively (both at Jefferson Cancer 
Institute) . The libraries were plated and screened using 
standard protocols (Sambrook et al . , 1989, Molecular Cloning, 
A Laboratory Manual, 2d ed. , Cold Spring Harbor Lab- Press, 
5 New York) . 

6.1.4. Prokarvotic Expression 
The expression vector pQE30, available from Qiagen, 
containing the E . coli phage T5 promoter, two lac operator 

10 sequences and a six histidine affinity tag coding sequences 
was used for expression of the TCL-1 gene. p697 cDNA was 
digested with Ncol and EcoRI, and the 5' protruding ends were 
filled in with the Klenow polymerase (Sambrook et al., 1989, 
Molecular Cloning, A Laboratory Manual, 2d ed. , Cold Spring 

15 Harbor Lab. Press, New York). The purified DNA fragment was 
ligated to pQE30 previously digested with BamHI and treated 
with Klenow polymerase to blunt the ends. Positives clones 
were selected and the presence of a continuous open reading 
frame was confirmed by sequence analysis. Induction of 

2 0 expression of the cloned sequences and purification of the 
recombinant product was performed according to Qiagen 
recommendation. A total of 1.5 mg of recombinant product was 
purified from 400 ml of culture. 

25 6.1.5. in Vitro Translation 

The plasmid pALLl containing full length TCL-1 cDNA was 
linearized by digestion with ClaJ and transcribed and 
translated in vitro using the TNT Coupled Reticulocyte Lysate 
system according to manufacturer protocol (Promega) . The 

30 resulting products were subjected t:o SDS-PAGE followed by 
autoradiography . 

6.2. Results 

6.2.1. Cloning o f the TCL-1 Gene 
35 The search for the TCL-1 gene was focused on the region 

included between the two sets of breakpoints of approximately 
160 kb on the TCL-1 locus of chromosome 14 encompassed by the 
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Pi clones 7-4 and 20-21 (Virgilio et ai . , 1993, Proc. W ,fi 
Acad, S g j t HSA 2^:9275-9279) , as illustrated in Figure 1 m 
the effort to identify transcribed sequences, the areas 
surrounding restriction sites of rare cutter enzymes in these 
5 two PI clones were subcloned and unique probes were isolated. 
The recognition sites of rare cutter enzymes such as MluJ 
Nrul and NotI, which are rich in CG content, may indicate'the 
exxstence of a CpG island. Such CpG islands are often found 
in the proximity of transcribed genes (Lindsay and Bird, 1987 
10 MatMCS 222:336-338) . Four probes were generated in this way, 
7-4CE, 20-7SE, 20-7HE and 9-1KK, whose position is shown in 
Fxgure 1, and hybridized to Northern blots containing RNAs 
from lymphoid and myelogenous cell lines. Only the probe 20- 
7HE and 20-7SE, derived from sequences adjacent to a ifotl site 
15 (Fxgure 1) , hybridized with an mRNA from hematopoietic cell 
lxnes. This transcript of approximately i.3kb in size, was 
clearly visible in the pre-B acute lymphoblastic leukemia 
(ALL) cell line ALL380 and in the endemic Burkitt lymphoma 
cell ixne Daudi (Figure 2). Three independent cDNA libraries, 
20 constructed from rna from an endemic Burkitt lymphoma cell 
lxne and two pre-B cell lines, Daudi, 697 and ALL1, all of 
whxch expressed high levels of the 1.3 kb transcript, were 
screened with the 20-7HE probe and positive clones were 
obtained from each library. These clones were designated 
25 pAlDaudi, pAll.5 and p697. 

In a parallel effort to identify transcripts, the Pi 
clones 20-21 and 7-4 were partially digested with Sau3A and 
cloned into an exon trapping vector containing exon 10, intron 
10, and exon 11 of the P 53 gene. Several putative exons were 
30 xsolated, but the majority were due to aberrant splicing at 
cryptxc splicing sites. Some trapped DNA fragments contained 
Alu repeat sequences and one had high homology to transposon 
like sequences. However, the sequence of one of the trapped 
fragments matched the sequence of the cDNA isolated from the 
35 697 and ALL! libraries and was later found to correspond to 
exon 3 of the gene. 
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6.2.2. Sequence Analys is of cDNA Clones 
All three cDNA clones, pAlDaudi, pAll.5 and p697 , were 
entirely sequenced and the complete sequence of pA11.5 is 
shown in Figure 3. Upon sequence comparison, pA11.5 and p697 
5 cDNAs were found to be identical, except for a base pair 
substitution at position 404 where. a C in pAll.5 is a T in 
p697 cDNA. pAlDaudi was incomplete at the 5' end, was missing 
the first 8B nucleotides, and additionally showed two small 
internal deletions, the pentamer ATGGT at position 394 and the 
10 octamer CTGCCCTT at position 707 (Figure 3). All three clones 
of cDNA had 3' untranslated regions of slightly different 
length. pA11.5 contained the longest one with the presence of 
a consensus polyadenylation signal at position 1293. 

Sequence analysis of the isolated cDNAs showed the 
IS presence of two long open reading frames (ORF) . Frame 1 

contains an ORF of 3 42 nucleotides with a starting ATG coddn 
at position 46, -located within a perfect Kozak consensus 
sequence, and with a stop codon at position 388 (Figure 3). 
This ORF potentially encodes for a protein of 114 amino acids 
20 with a predicted molecular weight of 13.5 kDa. Frame 2 

contains an ORF with a starting ATG codon at position 383 and 
a stop codon at position 773, to give a putative protein of 
14.5 kDa in molecular weight. However the presence in this 
second ORF of a point mutation and a deletion in two of the 
25 three independently isolated cDNA clones, as well as the 

position of this ORF only on the last exon, led us to believe 
that the second ORF is not translated. 

Search of nucleic acid and protein data bases, revealed 
about a 40% amino acid sequence homology between the TCL-1 
30 protein and the Mature T-Cell Proliferative 1 protein (Stern 
et al.(1993) Oncogen, vol. 8 p P : 2475-2483) which is involved 
in a translocation of chromosome 14 and the X chromosome 
t(14:X) (qll:q28) also found to be associated with T-PLL and 
AT, see Figure 8. The GCG Motifs program revealed the 
35 existence of a casein kinase II phosphorylation site 

( MAECPTLG EAVTDH ) (a protibn of SEQ ID N0:2) starting at amino 
acid position 6. To confirm the presence of an open reading 
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fra»e and its ability to encode for a protein -h 

was subcloned into the prokaryotic Pr ° teln ' the e "tire cdn 

Figure 4 shows the specie , 7 eXprMslon ve «or PQE30. 
the protein arter pur^tion 1"" °' " Pr ^ Ln ™ 

5 confirmed by ln vitro tr "slit * alSO 
genomic structure oTtheT *" t0 StU< * the 

co„tai„i„ g the enti c: M r n :; s a su s : 1 i l " Hl r 111 fra - ent - 

map and the structure ofL " *" d "O^""" " « 

gene is composed by fo« s^ll *™ ShOWn *" " i9Ure »" T 
» region of approximate y a o ^ ' " «~«ed 
immediately 5' to the cDHA " UCl '° tldes - »« sequence 
sites for the spI transcr I ^ ° f f ive 

position ( « g «r ™? "!! 10n f " d * **» -« at 

isolated a complete C D»i' **" C ° nfirm " h "« 



The 
The 



20 



25 



6.2.3. Production of Polyclonal 

used :ri^ n a i: izirT- expressed in ba " eri - - 

reacted r 2 « *" "*""<• 

containing, the recombinant ^ iT""" ^""^ 
blot. The rabbit anti-TCL-i J, "'' " Sh ° Wn by 
immunoprecipitate a 1 La r ^ 7" 'T^ *° 
and lynphoia cells expressing »' 

--1 gene in kxJ^^^^T eXP " SSi0n " ~ 
30 7 *^* materia In and fVftTirr 

A»plxfxcation of dna from isolated populations of bon. 
.marrow B-cells .n i- F^puiations or bone 

thymus „. Perform! ' PBL ' PEL and 

njrjuua was performed using reverse h>« a «^ . 

strand DNA synthesis was performed !sin ] [ ' **! ^ 
with either M-MLV (available f T \ * "* P * t0tal ™* 

(available fro. ^ traL " *"* " ^""^ 

> reverse transcriptase and respective 



35 
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reaction buffer with either oligo dT or random primers. One 
tenth of the reaction was subsequently used for each single 
PGR amplification. Amplification of DNA from isolated 
populations of bone marrow B-cells, T-cell lines, PBL, PHA 
5 stimulated PBL and thymus was carried out with TCL-1 primers 
P 9A- TGCTGCCAGATGACTGATGT (SEQ ID NO: 6) and Rev III 
CAAATGGAATCCTCCTTGGC , (SEQ ID NO: 7) under the following 
conditions. The nucleic acid was denaturing for l .in. at 
94-c. then allowed to anneal for 1 min. at 58-C, then allowed 
10 to elongate for 1 min. at 72-C for a total of 30 cycles. 

Amplification of DNA from patients with T-PLL was carried out 
with TCL-1 primers Daudi unil- AGGCCTATGACCCCCACC (SEQ ID NO: 
8) and Daudi rev2- CATTCCTCCCAGACCCCA , (SEQ ID NO: 9) under 
the same conditions as above, except for the annealing 
15 temperature which was 60-C. As PGR internal standard, primers 
specific for the B-actin gene were used: Al- 
TGATC ACCATTGG CAATG AG (SEQ ID NO: 10) and A2- 

CAGTGTGTTGGCGTACAGGT (SEQ ID NO: 11). These primers were used 
under the same conditions as the TCL-1 primers. 

7.1.2. isolation of Lymphocyte Cells by 
jff ^noflUoreaeenCA Cflll-Bortlpq 

Bone marrow cells were obtained from 18-22 week fetal 
material, in accordance with policies established by an 
institutional review board. Mononuclear bone marrow cells 
" were then isolated by centrifugation of cell suspensions over 
a Ficoll-Hypaque gradient (Nishimoto et al . , 1991, Pmc UaZL, 

USA 38:6284-6288) . The monoclonal antibodies 
( MAbs) used for cell surface analysis included anti-human Leu- 
12, which recognizes the pan-B cell antigen CD19 , anti-human 
30 HPCA-2, which detects the early stem cell marker CD34 (Becton- 
Dickinson), and goat-anti-human IgM (Southern Biotechnology 
Associates) . For two-color surface analysis for cell-sorting, 
viable FBM cells were incubated with fluorescein 
isothiocyanate (FITC) -conjugated anti CD34 antibodies or goat- 
" anti-hu IgM for 15 minutes on ice, washed with PBS containing 
2% HIFCS, and counterstained with phycoerythrin (PE)- 
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conjugated MAb specific for CD19 <?»k« , • 

. fc r Subpopulations of 

mi* ^ . Reagent (Molecular Research Center* 

RNA was sub 3 ected to Northern blot analysis to reveal th * 
existence a rci-i transcript. reveal the 

10 

7 * 1,3 * Lilian and T.Y~ r r~ Ttr -, 

A variety of human cell lines derived from T-cell 

rs^j?^ ~ n biot — - 

IS lines were obtained fro, ^ ° f Cel1 

(ATCC) SUD ' American Type Culture Collection 

et al 198 Lo 1 : : 3 Ce11 linS — ^. fro » patient NL (Smith 
were isolated ^ ^ 2182 ~ 2187 > • Peripheral lymphocytes 
were isolated from whole blood by centrif ugation on a Ficoll 
Hypaque gradient, followed by a one hour JL • Fxcoll- 

ao dishes to remove the monocytes StimZJ " ^ 

_w . . y es - stimulation with 

phytohemagglutinin (PHA) was carried at a f ina i 
of 0.1% for 3 days Patient. « ! concentration 
uays. Patients 62 and 312, presented with t-ptt 

Horthern blot analyse comparing the amount of tcl-1 
(PB2rPHa Pr r ent ^ rMtin ' Peri " he « 1 "lood lymphocytes 
established from a patient with t-all with a t,14:l4> 

:::::: .T n ; iocation <Lina ^ ™ ^ 

T-cell l.L y ° f hUnan ° e " lines de ^ved from 

T-cell leukemias (Table 1) . 144 

3S (Figure 6 sa> hl ' h ^ °* SupTll cells 

(Figure SA) . Ho expression was detectable in several other 

suTasTr T " Ce " lineS laCki " 9 the tran"!: » 

such as Molt 4, HUT7.. Ju rKat and supTi (Pigure „, (Table ' 1( . 
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These results were also confirmed by the sensitive assay of 
RT-PCR as shown in Figure 5C. Of interest is the fact that 
SupTl cells carry an inverted chromosome 14, inv 14 (qll;q32) , 
in which the TCRa locus is not juxtaposed to the TCL-1, but is 
5 positioned in front of the immunoglobulin heavy chain locus at 
14q32.3 (Baer et al . , 1985, Cell 43:705-713) . SupTl cells 
also carry a translocation between chromosome 7 and 9, that 
juxtaposes the TCRfi locus to the TAN-1 oncogene (Ellisen et 
al*, 1991, Cell 66 ; 649-661) . Thus an inversion of chromosome 
10 14 that does not involve the locus is unable to 

deregulate the TCL-1 gene. Furthermore we performed a 
semiquantitative RT-PCR analysis on two independent cases of 
T-PLL carrying an inversion of chromosome 14 , 

inv(14) (qll;q32) . Both cases showed high expression levels of 
15 the TCL-1 gene, comparable to those observed in the SupTll 
cell line (Figure 6) . 

7.2. Results 

7.2.1. Characterization of th e TCL-1 Gene 
20 The TCL-1 gene is located in a chromosomal region banded 

by two clusters of breakpoints. In its strategic position, 
between the two clusters of breakpoints, the TCL-1 gene 
becomes juxtaposed to TCR-Ca/S regulatory elements in both 
types of rearrangements involving 14q3 2.1. In the case of 
25 inversions the TCL-1 gene is telomeric to the 14q32.1 break, 
hence the central part of the chromosome between qll and q3 2 
has flipped upside down and Ca/S has been positioned 
centromeric and in proximity to the TCL-1 gene, the same holds 
true for translocations with inverted duplication. In the 
30 case of simple translocations, the gene is centromeric to the 
breaks and does not move during the rearrangement. In this 
case the break on the other chromosome 14 occurs in TCR a/ 6 
locus that moves to a region telomeric to the TCL-1 gene. In 
this model of activation the TCL^l gene is activated by the 
35 control elements of the TCR gene, whether they are positioned 
5' of the TCL-1 gene, as in the cases of translocations, or 3' 
to TCL-1, as in the cases of inversions. A similar situation 
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has been observed in Burkitfs lymphomas, where the Ig 
enhancers can be located upstream to the „rc oncogene in 
FaTeraT T translocation (Oalia- 

S ZZson l / 22:7824-7827; 
5 Bnkson et el., l 98 6, Ssis^ ^884-886) or downstream to 

translocalf *"* " *" t(2;8 ' =nromosomal 

translocation (Croce et a? ioo-i t* 

6922-6926; Lksoh at ll Z' T" ^ ™ 

10 Se acH . Slailarly Ig enhancers are found downstran to 

1985 s 96116 " f ° lliCUlar (Tsujimoto etai., 

1985, 228:1440-1443; Tsujimoto and Croce, 1986, Proc. 

mi ', ft ^ "* * ^2:5214-5218, and upstream to the BCW~ 

1989 ' Pro c » Natl. Aca n. „^ 86:2771-2774) 

15 

7.2.2. Expression of the TCL-i Gene in 
Tumors g « i Hu Mn i.j«,.,„ TfT 

lvm k A f r9e nUmt>er ° f RNAS fr0m tUaor cel1 both of 

oaltern of"" "^^i* — screened to study the 

20 pattern of expression of the TCL-l gene. The results 

summarized in Table 1 reveal that the TCL-i n ^ • 
»f hire* i ^ rci-i gene is expressed 

« high levels in pre-B cells and in endemic Burkitfs 
lymphoma cells, which express cell surface lg„ and do not 

„ £4. -.77-483), but is not expressed in sporadic Burkitfs 
lymphomas which secrete Ig. This data is illustrated 
presence o, TCL-l transcripts in 69 ,, au,., ana Bvl73 cell 
lines, all with a pre-B cell phenotype and by its absence in 
B-lymphoblastoid cell lines such as GM1500 and rphi 8886. 

" iTlTt? °* TC1_1 9ene ' " 7»'«ent stages of normal B 
cell differentiation, was studied by rt-pcr. Fatal bone 

nrln°" T"? SUbP ° PUlations ™~ by FAC S. cDNAs 

prepared and PCR carried out with a primer fro. exon 3, p 9A . 
and one from the 3' untranslated region, Revm. to give a 
3S fragment of 270 bp. The results are shown in Figure 6. Ho 
signal is present in the CD34 + CD19- stem cell rich fraction. 
Ke.k expression appears in CD34. CD19+ subpopulation of pro B 
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cells, and expression peaks in IgM" pre B cells expressing high 
levels of CD19. The levels of expression remain high in 
immature IgM+ B cells (Figure 7) in the fetal bone marrow, 
whereas the signal is not detectable in mature peripheral B 
5 lymphocytes (Figure 5). No expression of TCL-1 was observed in 
myelogenous cell lines or in cell lines derived from gastric, 
mammary or prostate carcinomas (Table 1) . Furthermore no 
expression of this gene was observed in polyadenylated RNA 
isolated from a variety of normal human tissues such as heart, 

10 brain, placenta, lung, liver, skeletal muscle, kidney and 
pancreas (Northern blots obtained from Clontech) . The 
results, taken together, suggest that TCL-1 is expressed 
specifically in lymphoid cells. 

The results suggest that TCL-1 expression begins in 

15 normal B lineage cells as early as the CD34+CD19+ pro B cell 
stage. Its expression peaks in pre B cells, which express 
high levels of CD19 but no cell surface IgM, and its 
expression remains high in immature IgM+ cells in the bone 
marrow. A similar pattern of TCL-1 expression is noted for T 

20 lineage cells. Immature thymocytes, including the 

intermediate CD4+/CD8+ population express TCL-1 transcripts, 
whereas mature T cells in circulation do not, unless they are 
activated, when low levels of TCL-1 transcripts may be 
expressed. In contrast mature B cells in the periphery do not 

25 express TCL-1. These findings parallel the results obtained 
with the lymphoid cell lines where pro B cell lines with the 
t(4;ll) chromosome translocation failed to express TCL-1, 
while high levels of TCL-1 transcripts were detected in pre B 
cell lines. This suggests that expression of TCL-1 may be 

30 linked to immunoglobulin and T cell receptor gene 

rearrangement and expression. The high level of expression of 
TCL-1 in leukemic T cells with the t ( 14 : 14 ) translocation and 
the inv(14) inversion, but not in leukemic T cell lines with 
other types of chromosomal rearrangements, strongly supports 

35 the conclusion that this gene becomes deregulated as a 

consequence of its juxtaposition to the or/ 6 locus of the T 
cell receptor. 
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gall ling 

U266* 
RS<4;11)* 
MV(4/11) 
Bl 
ALL380 
MX-1 
BV173 
RPMI 8866 

GM1500 
RPMI 8226 
P3HR-1* 

AKUA 
Daudi* 
SK0HL 
BL 2 
RS 11846 
K562 
PEER 
Jurkat* 
Molt 4* 

CEM* 
Sup Tl 
Sup Til 
HUT 78 
HL60* 
KG-la* 
U937* 
132 
MGC 
KATO* 
SW 48* 
LNCap* 

PC3 
T98G* 



Table i 

EXPRESSION OP TCL-1 mRNA IN CELL LINE 



Tumor 

ALL 



B-lyrophoblaatoid 

M 

Myeloma 
Endemic Burkitt 



Sporadic Burkitt 

M 

High grade B-cell lymphoma 
CML 
T-ALL 



T-Sezary Syndrome 
AML 

Histiocytic Lymphoma 
Retinoblastoma 
Gastric Carcinoma 

Colorectal Carcinoma 
Prostrate Carcinoma 

M 

Glioblastoma 



Tran«to 7ftti7n 

M4/11) 
t(4;ll) 
t(4;ll) 
t<4;ll) 
t(8;14),t(14;18) 
t(9;22) 
t(9:22) 

N/A 
Normal 
Multiple Rearrangements 
t(8;14) 
t<8;14) 
t(8;14) 
t(8;14) 
t(8;22) 
t(14;18, t(8;22) 
t(9;22) 
Multiple Rearrangements 

t ( 7 ; 7 ) , 6q- 
Multiple Rearrangements 
inv(14) (qll;q32.3) 
t(14;14) (qll;32.1) 
N/A 

Multiple Rearrangements 



RNA 



+ 
+ 
+ 



+ 
+ 
+ 
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9. DEPOSIT OT MICROO RGAMISMB 

Plasmid pAll.5, containing a full-length TCL-1 cDNA as an 
EcoRI insert into the pBluescript SK+ vector (Stratagene) ; and 
plasmid p20-7SE r containing a genomic sequence of TCL-1 
5 (including the 5' sequence shown in Figure 3B) as a Sall-EcoRI 
insert into the pBluescript SK + vector; were both deposited on 
October 25, 1994, with the American Type culture Collection, 
1201 Parklawn Drive, Rockville, Maryland 20852, under the 
provisions of the Budapest Treaty on the International 
10 Recognition of the Deposit of Microorganisms for the Purposes 
of Patent Procedures, and were assigned accession numbers 
75923 and 75924, respectively. 

The present invention is not to be limited in scope by 
the specific embodiments described herein. Indeed, various 
15 modifications of the invention in addition to those described 
herein will become apparent to those skilled in the art from 
the foregoing description and accompanying figures. Such 
modifications are intended to fall within the scope of the 

appended claims. 
20 Various publications are cited herein, the 

disclosures of which are incorporated by reference in their 
entireties. 
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(ii) TITLE OF INVENTION- TCL-1 r.n. ^ 

Methods and Compositions * ro ** in ™* Related 

(iii) NUMBER OF SEQUENCES: II 
(iv) CORRESPONDENCE ADDRESS • 

(CI Cl^el 1 "^^ ° f Che ^"icas 

(D) STATE: New York 

(E) COUNTRY: U.S A 

(F) ZIP: 10036 

(v) COMPUTER READABLE FORM • 

£ SSS2S? KSSi.'SSr;-!. 

(vi) CURRENT APPLICATION DATA • 

(A) APPLICATION NUMBER • US 
<B) FILING DATE • 
(C) CLASSIFICATION: 

tviii) ATTORNEY/AGENT INFORMATION - 

A NAME: Misrock. s. Leslie 
B REGISTRATION NUMBER- 18 8 72 
(O REFERENCE /DOCKET NUMBER- 6 754-027 

fix I TELE COMMUNICATION INFORMATION:, 

2 Sx «^ 2 ' 790-8864/974! 
H-J TELEX: 66141 PENNIE 

12) INFORMATION FOR SEQ ID NO : 1 : 

(l) SEQUENCE CHARACTERISTICS • 

J ' TYPE: nucleic acid 

(C) STRANDEDNESS : sinale 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

/ 

(XX) FEATURE: 

(A) NAME/ KEY: CDS 

(B) LOCATION: 4 9.. 387 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO * 1 • 
CT«_ TCTOSCTCTT GCTTCTTAGG C 00 CCCO« 0 ACGCCATO ^ „ ^ 

Ala Glu Cys 
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CCG ACA CTC GGG GAG GCA GTC ACC GAC CAC CCG GAC CGC CTG TGG GCC 
Sro Thr Leu Gly Glu Ala Val Th* Asp His Pro Asp Arg Leu Trp Ala 



105 



5 10 IS 



TGG GAG AAG TTC GTG TAT TTG GAC GAG AAG CAG CAC GCC TGG CTG CCC 153 
Tro Glu Lys Phe Val Tyr Leu Asp Glu Lys Gin His Ala Trp Leu Pro 
20 " 25 30 



, rr aTC GAG ATA AAG GAT AGG TTA CAG TTA CGG GTG CTC TTG CGT 
£5 Thr xIS Glu ni Asp Arg Leu Gin Leu Arg Val Leu Leu Arg 

40 45 

rrr GAA GAC GTC GTC CTG GGG AGG CCT ATG ACC CCC ACC CAG ATA GGC 
Sg Su Asp 55 Si Leu Gly Arg Pro Met Thr Pro Thr Gin He Gly 



55 60 



70 



CGA TCC TCA GAC TCC AGT TTC TGG CGC TTA GTG TAC CAC ATC AAG ATT 
Arg" ser llr Asp Ser Ser Phe Trp Arg Leu Val Tyr His He Lys lie 
85 " 90 95 

GAC GGC GTG GAG GAC ATG CTT CTC GAG CTG CTG CCA GAT GAC 
Aso Gly val Glu Asp Met Leu Leu Glu Leu Leu Pro Asp Asp 
100 105 110 

TGATGTATGG TCTTGGCAGC ACCTGTCTCC TTTCACCCCA GGGCCTGAGC CTGGCCAGCC 
TACAATGGGG ATGTTGTGTT TCTGTTCAC C TTCGTTTACT ATGCCTGTGT CTTCTCCACC 
ACG CTGGGGT CTGGGAGGAA TGGACAGACA GAGGATGAGC TCTACCCAGG GCCTGCAGGA 
CCTGCCTGTA GCCCACTCTG CTCGCCTTAG CACTACCACT CCTGCCAAGG AGGATTCCAT 
TTGGCAGAGC TTCTTCCAGG TGCCCAGCTA TACCTGTGCC TCGGCTTTTC TC AG CTGG AT 
GATGGTCTTC AGCCTCTTTC TGTCCCTTCT GTCCCTCACA GCACTAGTAT TTCATGTTGC 
ACACCCACTC AGCTCCGTGA ACTTGTGAGA ACACAGCCGA TTCACCTGAG CAGGACCTCT 
GAAACCCTGG ACCAGTGGTC TCACATGGTG CTACGCCTGC ATGTAAACAC GCCTGCAAAC 
GCTGCCTGCC GGTAAACACG CCTGCAAACG CTGCCTGCCC GTAAAC ACG C CTGCAAACGC 
TGCCTGCCCA CACAGGTTCA CGTGCAGCTC AAGGAAAGGC CTGAAAGGAG CC CTTATCTG 
TGCTCAGGAC TCAGAAGCCT CTGGGTCAGT GGTCCACATC CCGGGACGCA GCAGGAGGCC 
AGGCCGGCGA G CCCTGTGG A TGAGCCCTCA GAACCCTTGG CTTGCCCACG TGGAAAAGGG 
ATAGAGGTTG GGTTTCCCCC CTTTATAGAT GGTCACGCAC CTGGGTGTTA CAAAGTTGTA 
TGTGGCATGA ATACTTTTTG TAATGATTGA TTAAATGCAA GATAGTTTAT CTAACTTCGT 
GCGCAATCAG CTTCTATCCT TGACTTAGAT TCTGGTGGAG AGAAGTGAGA ATAGGCAGCC 
CCCAAATAAA AAATATTCAT GGAAAAAAAA AAAAAAA 



201 



249 



r-rr CTG CCT ATC ATG TGG CAG CTC TAC CCT GAT GGA CGA TAC 297 
Pro" Ser Su Su Pro !Ie Met Trp Gin Leu Tyr Pro Asp Gly Arg Tyr 

75 80 



34S 

387 

447 
507 
567 
627 
687 
747 
807 
867 
927 
987 
1047 
1107 
1167 
1227 
1287 
1324 



(2) INFORMATION FOR SEQ ID NO : 2 : 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 113 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO:2: 

Ala Glu Cys Pro Thr Leu Gly Glu Ala Val Thr Asp His Pro Asp Arg 

io 15 

Leu Trp Ala Trp Glu Lys Phe Val Tyr Leu Asp Glu Lys G ln His Ala 

25 30 
Trp Leu Pro Leu Thr He Glu lie Lys Asp Arg Leu Gin Leu Arg Val 

Leu Leu Arg Arg Glu Asp Val Val Leu Gly Arg Pro Met Thr Pro Thr 

Gin He Gly Pro Ser Leu Leu Pro lie Met Trp Gin Leu Tyr Pro Asp 

Gly Arg Tyr Arg Ser Ser Asp Ser Ser Phe Trp Arg Leu Val Tyr His 

90 95 

He Lys lie Asp Gly Val Glu Asp Met Leu Leu Glu Leu Leu Pro Asp 
Asp 



105 110 



(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS - 

(A) LENGTH: S60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
GTCGACTGTG AGTTCCCAGC AGAGGCCCAG AGTCCCGGTC CGGCAG CCG A GGGAAGCGGG 
GGGGTCTTCC AGAAGAAGAA AGGGCCAAGG TCACCCCGGT GCCTCTCCAG CAGCAGCAGA 
GGGCGGCGGT CGGTGTCGCT. GCTGGCCGGG GCCTCGAGGA AGGCGCGGGC CAGCTGGGGC 
CGGGTCTGCG TTCCCAGGAG CTGCCACCGT TCCAGGGAGC AAGTCAGGCC GGGACGTTAG 
CGCCTGCGCG GGACCCTCAC TTGCCACCAA GGACCCCACA AACCCCGCCC CATCCTTAGC 
GCCTGCGCGG GACCCTCACT TGCCACCAAG ACCCCCACAA ACCCCGCCCC ATCCTGCCTT 
ACGCCCCGCC CCAAGGTCGT TCTCCCGACC CGGGGTCCCG CCCCAAGACC GTCCTCCCGC 
CCCGCCGCTT GGTGGCGGCC GCATGCTGCC CGGATATAAA GGGTCGGCCC CACATCCCAG 



180 
240 
300 
360 
420 
480 
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GGACCAGCGA GCGGCCTTGA GAGGCTCTGG CTCTTGCTTG TTAGGCGGCC CGAGGACGCC 
ATGGCCGAGT GCCCGACACT 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 108 amino acids 

(B) TYPE: amino acid 

{ c ) STRANDEDNES S : unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 
. Met Ala Gly Glu Asp Val Gly Ala Pro Pro Asp His Leu Trp Val His 
1 5 10 

Gin Glu Gly lie Tyr Arg Asp Glu Tyr Gin Arg Thr Trp Val Ala Val 

20 25 
Val Glu Glu Glu Thr Ser Phe Leu Arg Ala Arg Val Gin Gin He Gin 

3 5 40 
Val Pro Leu Gly Asp Ala Ala Arg Pro Ser His Leu Leu Thr Ser Gin 

50 55 
Leu Pro Leu Met Trp Gin Leu Tyr Pro Glu Glu Arg Tyr Met Asp Asn 

7 0 

Asn ser Arg Leu Trp Gin He Gin His His Leu Mec Val Arg Gly Val 
85 90 



540 
560 



Gin Glu Leu Leu Leu Lys Leu Leu Pro Asp Asp Xaa 
100 105 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4922 base pairs 

(B) TYPE: nucleic acid 

( C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA 



GTCGACTTGT 


GAKTYCCMAG 


MAGAGGCCCA 


GAAGTCCCGG TCCGGCAAAG CGGAGGGGAA 


60 


GCGGGGGGGG 


TCTTCCAAGA 


AGAAGAAAGG 


GCCCAAGGTT CAACCCCCGG TGCCTTCTCC 


120 


AG C AGCAAGC 


AAGAGGGCGG 


CGGGTCGGTT 


GTCGCTGCTG GCCGGGGCCC TCCGAGGAAA 


180 


GGCGCGGRCC 


AGCTGGGGCC 


GGGTCTGCGT 


TCCCAGGAGC TGCCACCGTT CCAGGGAGCA 


240 


AGTCAGG CCG 


GGACGTTAGC 


GCCTGCGCGG 


GACCCTCACT TGCCACCAAG RMCCCCACAA 


300 
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ACCCCGCCCC ATCCTGYCTT ACGCCCCGCC CCAAGGTCGG TTCTCCCCGA CCCGGGGGTC 
CCGCCCCCAA GGNCCGTCCT CCCCGCCCCC GCCGSTTGGT GGCGGCCGCA TGCTGCCCGC 
ATATAAAGGG TCGGCCCCAC ATCCCAGGGA CCAGCGAGCG GCCTTGAGAG GCTCTGGCTC 
TTGCTTCTTA GGCGGCCCGA GGACGCCATG GCCGAGTGCC CGACACTCGG GGAGGCAGTC 
ACCGACCACC CGGACCGCCT GTGGGCCTGG GAGAAGTTCG TGTATTTGGA CGAGAAGCAG 
MACGCCTGCC TGCCCTTAAC CATCGAGGTA CAACCACCTT TGGAGCGGAT GGCGARGCAG 
CAGGGGCASC CCCTGGGAGC TTGGGATNCC CTAGGAAGGG CGAGGACTCA AGGAGCACTC 
ACTATGGGGC AGGGAGGATC CCCCACAGAT KAAGCCACTT TTGGAGCCGG SCTCTKGAGG 
GATGAATAGG AGTTCCTCCA GGCAGGGAAG AAGGGTGGGA AAACCCCAAA GGAATGTCGG 
TCAAAGGGGT GGACCCAGTG CCTGTGGAGT GTGACTATAA TGTTGACTAC AGCAGGCATT 
TTCTGGGCTT CGGGGTCCTA ATCCTTAAAA ATGGGTATCT CTAAGTGACT CATCCATATG 
G CCG ATTATC GGAATCATCT CAGGTGGGTC CCAGAAATCT GTATTTTTAA AAAGAACCCW 
CMACAGTTTA GGG TCCAACC CAGGCATAAC CAAAACACTG GCCTAAGAGT TGTGAAGTAT 
TTTCCCACCT ACCCTCTGGG CTTTATTTAA GAMAACCAAA TTTAACAAGT GATGTCGTAG 
TATAAGCGCC GGTANTKGAA YCAATATTGA CTTTTTTAAT GTGTGATGCC TTAAGATGGG 
TCCTTAATCC ATGTTAAGNT TTTGTTAAAG AAATAGATAA GTCTTTTACA AGTATTTGGA 
TTTACTCAAT GAAAAAGAGT CANAAAATGT TCAAACTCTC TCCAAACATA CACTGAAGAA 
AGCATAAAAA TTANNAAATA TATTAGAACA CGTATGTCCA GTAGCAAWCA MAAATTATTG 
AGTGTTGAYT GTGTCTCTAC AGATGGGAAA CTGAGGGACA CMAAATGTAC ATTTGTCCGA 
GGTAAGATTG CTAGTAGGTA ATGGGGTTGG AATTCTAGGC TCTTAACCAC CACAAAATCT 
G CATTTTT AT TGG C ATTTCA ATTTTTTAAA TATGTTTTTA CTTTAAAAAT CAAGTTAAAT 
ACTTACTTTT TTAAAATCAA AATTTGAAGA AATAATTTGA AGATTCAGTG GATTTCTTTT 
TTTAAATCTC TGAGAAATCT CTTCCCTYCA ACGTGACACC MAAACGMGCG AACCAGACAG 
TTTTTCATAA AATCATGAAA CATGCYCCMC MAAAAATAAC CCACTASCAA ACTGTGGGAC 
AGATTTTGCC TCACATCATT GAAAAGGCCA GCAWTCTTTT TCTCTCTTTC TTTCTTTG KT 
GTTTTTTTTT TTTCCTGTAG AWACAGGGTC TCGCTCTGTG .ACCCAGGCTG GTCTYAAACT 
CCTGGCCTCA AGCGATCCTC CTGCCTCTGC CTTCCAAAGC ACTGGAATTA CAAGTGTGAG 
CCGCTGCAAC CCGCCAGAAA AAAGTGTGCC TTTCATGGCC CTGTCTGGGT GGCTAGACAC 
GTGTGTGTGC TGGTGGTCCT GGCCCAGCCA GAGTTCCCTG AGAGGAGCAT GCATGGCCTA 
AGGAAGTGAG CTTCAGGGAA CAGTGATGAC CATCATTTCA CACTCGGACC CCCTGCCMAA 
GATGGGTGGA TGSCTGSCAG GGAGGGATTC CGGTKTTCCT GCGCCTGGAG AANCCCTGCC 
AAGCGGAACC TGAAAGTATN CCCTGTCCTT TTCTTCTCCT NAGATAAAGG ATAGGTTACA 
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GTTNNGGGTG CTCTTGCGTC GGGAAGACGT CGTCCTGGGG AGGCCTATGA CCCCCACCNA 
GATAGGCCCA AGCCTGCTGC CTATCATGTG GCAGCTCTAC CCTGATGGAC GATACCGATC 
CTCAGACTCC AGTTTCTGGC GCTTAGTGTA CCACATCAAG GTGAGTGTCT TTCTCCCAGA 
GGTCCATCGG KTGATCTTGG GTTTCCCCTC CYCMATGTCT GSCCTTAGTG GTTTAYCTTC 
CCYCCATCCC AGTS S GC AAA AG C ATT W AAA ARATGGGGGA NRTRWACMAS TGCAGATTTC 
TANAGGACTT TACCAGAGAG AAGANAGATC CTNTGAGGTC TCTAANAGAA CCCTACCTCC 
ACTTCCTCCC ANCCACCANC TAACCGCAGG AAGACATCTC TGGTGGGGMM KGACAGGCTG 
AAGGCTGGTG GGAGGAGGGR CAKTCTCCAA GASCCCCTGA AATCCTCACA CCTGGGTTCC 
TACCTGCTGT TTCCAGCTAG GGG AAGSCSC AGGAGTGAGG AATGGAGGGA GTGGAGGGCT 
CTGGCCGATC AATGCCTTCT CTCTCTCTCT GCCTCTCAGA TTGACGGCGT GGAGGACATG 
CTTCTCGAGC TGCTGCCAGA TGACTGATGT ATGGTGAGCT CCACTGGAGC CTGACCCCTC 
TTAGTCCACA GTGGCTGTAT CAGAAAGAAA GACCACCCCT TCTCCATGAA GGCAGTGCTA 
ACCCCTCCCC GACTGCTGCC ATCTGAGGGT CCCTAGGGAT GGGAGAGGCT TCCTGGAGGC 
ACTCATGTCT CCCTTACCAC TTCGGGAGCC AAGGG CTTTG GTAGGCAGCC CCCTTTATCG 
CAGCTGCTCA TATCTATAAA GTACTTCACA AGTTTCAGCT GGCACTTTCA TTTTACCATT 
GCTTTTTTTT TCTTTGGGAG ATGAGTCTGG CTCTGTGGCC CAGGCTAGAG TGTAGTGGGT 
GCAATCTCAG CTCACTGAAA GCTCTGCCTC CCGGGTTCAC ACCATTCTCC TGCCTCAGCC 
CTCGGAGTAG CTGGGACTAC AGGCGCCCGC CACCACACCT GGCTAATTTT TTTTTTTTTW 
TTWTWTTTTT TAGTAGAGMC GGGGTTTCAC CGTGTTAGCC AGGATGGTCT CGATCTCCTG 
ACCTCATGAT CTGCCCGCCT CGGCCTCCCA AAGTG CTGGG ATTACAGGCA TGAGCCACCA 
CGTCCGGCCT TACCATTGCT TTATTAAATA AGCACTGGTG CTTGATTATA TCAGCTGAGC 
CAGATATTAG AT ACG CTATT GAGTTTTGRG GAAATAAGAG. TACCAAAACT CAGAAATGAG 
TTGAAGTATA GTGACATCTT CAGATTACAG ACCCAGGTGT CAGAATTTGC CTTGGCTCAG 
AAGGCCTCTG GGGGCCATCC CTGACCACTA GGCTTCCCAC TTAGACCTGC TCCAGCAGCA 
CCACCCCTCG SCACTGCCTG GTCCTTTCCT TCACCCTTGA TTCTGTCTTC TTTTGTCCTT 
CTCCAGGTCT TGGYAGCACC TGTCTCCTTT CACCCCAGGG CCTGAGCCTG GCCAGCCTAC 
AATGGGGATG TTGTGTTTCT GTTCACCTTC GTTTACTATG BCTGTGTCTT CTCCACCACG 
CTGGGGTCTG GGAGGAATGG ACAGACAGAG GATGAGCTCT ACCCRGGGCC TGSAGGACCT 
GTCCTGTAGM CCACTCTGCT CGCCTTAGSA CCTACSACTC CWRCCGASGA GGATNCCAKT 
TGGAAGAGCT TCTTNNAGGT GNCNAANAAN ANCTGTGCGT NGGCTTTTCT CAGCTGGATG 
ATGGTCNTNA GCCTCTTTCT GTCCCTTCTG TCCCTCACAG CACTAGTATT TNATGTTGCA 
CACCCACTCA GCTCCGTGAA TTTGTGAGAA CACAACCGAT TCACCTGAGC AGGACCTCTG 
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AAACCCTGGA CCAGTGGTCT CACATGGTGC TACGCCTGCA TGTAAACACG CCTNCAAACG 
CTGCCTGCCK GTRAACACGM SKSYKMACAG STGMSWRCCC GT AAACACG C CTGCAAACGC 
TGCCTGCCCA CACAGGTTCA CGTGCAGCTC AAGGAAAGRM CTGAAARRAG CCCTTATCTG 
TGCTCAGGAC TCAGAAGCCT CTGGGTCAGT GGTCCACATC CCGGGACGCA GNAGG AGG CC 
AGGCCGGCGA GCCCTGTGGA TGAGCCCTCA GAACCCTTGG GTTGCCCACG TGGAAAAGGG 
ATAGAGGTTG GGrTTCCCCC CTTTTATAGA TGGTCACGCA CCTGGGTGTT ACAAAGTTGT 
ATGTGGCATG AATACTTGNT GTNATGATTG ATTAAATGCA AGATAGTTTA TCTAACTTCG 
TGCGGAATCA GCTTCTATCC TTGNCTTAGA TTCTGGTGGA GAGAAGTGAN AATAGGCAGN 
CCCCANATAA ANAATATTCA NGGGATTTAT TTTATTNTTC CTTTTGGGNG ATNNGGGACT 
ACATTNTNCN NCCCCGTNTA ATCCAATGNT TAAANCCCCA GTGTTCTTGG AGGNCNTACG 
TCGAANACCA TTGGNGTANG CAACCTCAAA ATTTTTNNGT TGNNAATTNC CNGTTTTCCA 
GAGKCCCCCC CN^CTCCAT CTTNNTCCTN GCCCNCCCTN NCCTCCCNCA NTCCCNANGT 
TNCCCTCGNC CCCAGTCAGT TCTTTCTCO, NCTTTANCCG NTNATNTCAC CAGNTTCTTT 
CT 

(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 20 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO:6 : 
TGCTGCCAGA TGACTGATGT 
(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA *' ' 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 
CAAATGGAAT CCTCCTTGGC 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic aoid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : B : 
AGGCCTATGA CCCCCACC 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 
CATTCCTCCC AGACCCCA 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 

• i i MOLECULE TYPE : DNA, 



ixi: SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
TCATCACCAT TGG CAATGAG 
(2) INFORMATION FOR SEQ ID NO ill: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 
(D> TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 
CAGTGTGTTG GCGTACAGGT 
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1. 



An isolated nucleic acid comprising a nucleotide 
sequence encoding a TCL-1 protein, wherein the nucleotide 
sequence is a cDNA sequence. 

2. An isolated nucleic acid of not more than 50 
kxlobases which contains at least an 18 nucleotide 
portion encoding a TCL-1 protein fragment. 

3. An isolated nucleic acid of not more than 50 
kxlobases which contains at least an 18 nucleotide 
portion of the sequence depicted in SEQ ID NO: 3. 

4 • The isolated nucleic acid of Claim i comprising 
the nucleotide sequence of SEQ ID NO:i from nucleotide 
number 4 6 to 3 87. 

5. An isolated TCL-1 protein. 

6. The TCL-1 protein of Claim 5 having the amino 
acxd sequence of SEQ ID NO: 2 from amino acid number 1 to 
114 . 

7. A fragment of the protein of Claim 6 which can 
be specifically bound by an antibody to a TCL-1 protein. 

8. An isolated nucleic acid comprising a sequence 
encoding the fragment of Claim 7. 

9. A recombinant DNA vector comprising a nucleotide 
sequence that encodes a TCL-1 protein, wherein the 
nucleotide sequence is a cDNA sequence. 

10. An host cell that contains the recombinant DNA 
vector of Claim 9. 
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XI An antisense molecule comprising a nucleotide 
sequence complementary to at least a part of the coding 
sequence of a TCL-1 protein, which is hybridizable to a 
TCL-1 mRNA. 

12 An antisense molecule comprising a nucleotide 
sequence complementary to at least a part of the sequence 
depicted in SEQ ID NO: 3 which hybridizes to said 
sequence depicted in SEQ ID NO: 3. 

13 A fusion protein comprising a TCL-1 protein 
sequence of at least 10 amino acids linked to a non-TCL-1 
protein sequence. 

14. An antibody which binds to an epitope of a TCL- 
1 protein. 

15. The antibody of Claim 14 which is a monoclonal 
antibody . 

16. The antibody of Claim 14 which is a polyclonal 
antibody. 

17. a method for producing a recombinant TCL-1 

25 protein comprising: ... , 

( a) culturing a host cell transformed with a 

recombinant expression vector encoding a TCL-1 
protein such that the TCL-1 protein is expressed by 
the cell; and 

3Q (D) recovering the y expressed TCL-1 gene 

protein . 

18. An isolated protein comprising an amino acid 
sequence having at least 70% amino acid sequence identity 
to the amino acid sequence depicted in SEQ ID NO: 2, over 
a contiguous sequence of at least 25 amino acids. 
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19. An isolated protein comprising an amino acid 
sequence having at least 70* amino acid sequence identity 
to the ammo acrd sequence depicted in SEQ ID NO: 2, over 
^ a contiguous sequence of at least so amino acids. 

hmvinT' """" PA11 - 5 " de P° sited the ATCC and 

naving accession No. 75923. 

h.vi 21 ' """" P2 °" 7SE " de P° sit ^ with the ATCC and 
10 having accession No. 75924. 

22 A method for detecting a target sequence 
indicative of a chromosome 14 abnormality in a sample, 
comprising the steps of: 

(a) amplifying the target sequence in the 
sample using a first primer of is to 25 nucleotides 
complementary to the nucleotide sequence of SEQ ID 
NO: 1, and a second primer complementary to a region 
telomeric or centromeric to the TCL-1 gene; and 

(b) detecting any resulting amplified target 
sequence in which the presence of the amplified 
target sequence is indicative of the abnormality. 
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23. 



The method of Claim 22 wherein the chromosome 
abnormality is in the rcx-2 locus. 



24. 



The method of claim 22 wherein the chromosome 
abnormality is a t (14 : 14, (qii:q 3 2) translocation. 

30 25. The method of claim 22 wherein the chromosome 

abnormality is a inv(i 4 ) <qii;q32> inversion. 

26. The process of claim 22 wherein the resultant 
amplified target sequence is detected using gel 
35 electrophoresis . 
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27. The process of Claim 22 wherein the second 
primer is a polynucleotide from the T-cell receptor a/S 
locus. 

5 28. The method of Claim 22 wherein the target 

sequence is amplified using polymerase chain reaction. 

29. A pharmaceutical composition comprising the 
antisense molecule of Claim 11 in a pharmaceutically 

10 acceptable carrier. 

30. A pharmaceutical composition comprising the 
antisense molecule of Claim 12 in a pharmaceutically 
acceptable carrier. 
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31. A pharmaceutical composition comprising an 
antibody of Claim 14 in a pharmaceutically acceptable 
carrier. 

32. A method for detecting a target nucleotide 
sequence indicative of a chromosome 14 abnormality in a 
nucleic acid sample, comprising the steps of: 

(a) hybridizing the sample with a nucleic acid 
probe of not more than 10 kilobases, comprising in 
the range of 15-1324 nucleotides complementary to 
the nucleotide sequence of SEQ ID NO: l; and 

(b) detecting or measuring the amount of any 
resulting hybridization between the probe and the 
target sequence within the sample. 

33. The method of Claim 32 wherein the resultant 
hybridization between the probe and the target sequence 
within the sample is detected using gel electrophoresis. 

34. The method of Claim 32 wherein the chromosome 
14 abnormality is in the TCL-1 locus. 



79 



10 



WO 96/13514 

PCT/US95/13663 

14 abnormal^ meth ° d ° f Clalm " Wh6rein the ch — 
14 abnormality is a t (14 : 14) ( q n :q32) translocation. 

14 a J 6 * ° f 013110 32 Vherein the chromosdme 

14 abnormality is a inv(i4, ( gll;q32) inversion. 

37. A method for detecting a TCL-l protein in a 
patient sample, comprising: 

(a) contacting the patient sample with an anti- 
TCL-i antibody under conditions such that 
immunospecific binding can occur, and 

(b) detecting or measuring the amount of any 
immunospecific binding by the antibody. 

15 38 * The method of Claim 37 wherein the TCL-l 

protein is human. 

39. The method of Claim 37 that is a Western blot. 

40. The method of claim 37 that is an enzyme linked 
immunosorbent assay. 

41. The method of claim 37 that is an in situ 
hybridization assay. 

42. The method of claim 37 that is an 
immunoprecipitation . 

43. A diagnostic kit comprising/in a container a 
compound comprising a probe/of not more than 10 kilobases 
and comprising in the range of 15-1324 nucleotides of the 
nucleotide sequence of SEQ ID N0:i or its complement. 

44. A diagnostic kit comprising in one or more 
containers, a pair of primers, each having at least 15-25 
nucleotides, in which at least one of said primers is 
hybridizable to SEQ ID NO: i or its complement and 
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wherein said primers are capable of priming DMA synthesis 
in a nucleic acid amplification reaction. 

45. The kit of Claim 44 in which one of said 
primers is hybridizable to a DNA sequence located 
telomeric or centromeric to the TCL-1 gene. 

46. A method for treating a disease state 
associated with a chromosome 14 abnormality in mammal 
suffering from a disease state associated with a 
chromosome 14 abnormality, comprising administering a 
therapeutically effective amount of a TCL-1 antisense 
molecule to a mammal suffering from a disease state 
associated with a chromosome 14 abnormality. 

47. The method of Claim 46 wherein the disease 
state is a T-cell leukemia or lymphoma. 

48. The method of Claim 4 6 wherein the chromosome 
abnormality is a t (14 : 14) (qll:q32) translocation or an 
inv(14) (qll;q32) inversion. 

49. The method of Claim 46 wherein the mammal is a 
human. 

50. A method for treating a disease state 
associated with a chromosome 14 abnormality in mammal 
suffering from a disease state associated with a 
chromosome 14 abnormality , comprising administering a 

30 therapeutically effective amount of an anti-TCL-1 

antibody to a mammal suffering from a disease state 
associated with a chromosome 14 abnormality. 

51. The method of Claim 50 wherein the anti-TCL-1 
35 antibody is a monoclonal antibody. 
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52. The method of Claim 50 wherein the disease 
state is a T-cell leukemia or lymphoma. 

a . "* meth ° d ° f Claim 50 th. chromosome 

abnormality is a t(l4:14) (qii: q3 2, translocation or an 
inv(i4) (qll;q32) inversion. 

54. The method of Claim 50 wherein the mammal is a 
human. 

55. An isolated oligonucleotide having in the range 
of 15-25 nucleotides which is hybridizable to a DMA 
molecule, said molecule comprising at least one TCL-1 
exon or its complement. 

56. An isolated oligonucleotide having in the range 

of 15-25 nucleotides which is hybridizable to a dna 

molecule, said molecule comnriei^ *.k 

Aecuie comprising the sequence shown in 

SEQ ID NO: 3 or its complement. 

57. a method of diagnosing a T-cell malignancy 
associated with a chromosome 14 abnormality in a patient 
comprising detecting said chromosome 14 abnormality 
according to the method of 22 or 32, in which the 
presence of the amplified target sequence indicates the 
presence of a T-cell malignancy in the patient. 

58. a method of diagnosing a T-cell malignancy 
associated with a chromosome 14 abnormality in a patient 



— — w; O. ±JCk U 

comprising detecting increased expression of a TCL-1 
protein in a sample from the patient, in which an 
increase in a TCL-l protein relative to the level found 
in an analogous sample from a normal individual 
indicates the presence of a T-cell malignancy in the 
35 patient. 
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59. The method of Claim 58 in which the increased 
expression of the TCL-1 protein is measured by 
immunoassay . 

5 60. The method of Claim 59 in which the immunoassay 

is an enzyme linked immunosorbant assay. 

61. The method of Claim 58 in which the increased 
expression of the TCL-1 protein is measured by in situ 

!0 hybridization. 

62. The method of Claim 57 or 58 in which the T- 
cell malignancy is a T-cell leukemia. 

15 6 3. An isolated nucleic acid of not more than 10 

kilobases hybridizable under stringent conditions to the 
sequence shown in SEQ ID NO: 1 or its complement. 

64. An isolated nucleic acid of not more than 50 
20 kilobases which contains at least an 18 nucleotide 

portion of the sequence depicted in SEQ ID NO: 5. 

65. An isolated oligonucleotide having in the range 
of 15-2 5 nucleotides which is hybridizable to a DNA 

25 molecule, said molecule comprising the sequence shown in 

SEQ ID NO: 5 or its complement. 
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1 CTTGAGAGGCTCTGGCTCTTGCTTCTTAGGCGGCCCGAGGACGCCATGGCCGAGTGCCCG 

M A E C P 

6 1 ACACTCGGGGAGGCAGTCACCGACCACCCGGACCGCCTGTGGGCCTGGGAGAAGTTCGTG 

TLGEAVTDHPDRLWAWEKFV 
121 TATTTGGACGAGAAGCAGCACGCCTGGCTGCCCTTAACCATCGAGATAAAGGATAGGTTA 

YLDEKQHAWLPLT IE IKDRL 
1 8 1 CAGTTACGGGTGCTCTTGCGTCGGGAAGACGTCGTCCTGGGGAGGCCTATGACCCCCACC 

OLRVLLRREOVVLGRPMTPT 
24 1 CAGATAGGCCCAAGCCTGCTGCCTATCATGTGGCAGCTCTACCCTGATGGACGATACCGA 

Q IGPSLlP I MWQLYPDGRYR 
30 1 TCCTCAGACTCCAGTTTCTGGCGCTTAGTGTACCACATCAAGATTGACGGCGTGGAGGAC 

SSDSSFWRLVYHIKIOGVED 
36 1 ATGCTTCTCGAGCTGCTGCCAGATGACTGATGTATGGTCTTGGCAGCACCTGTCTCCTTT 

MLLELLPDD* 114 

421 CACCCCAGGGCCTGAGCCTGGCCAGCCTACAATGGGGATGTTGTGTTTCTGTTCACCTTC 

48 1 GTTTACTATGCCTGTGTCTTCTCCACCACGCTGGGGTCTGGGAGGAATGGACAGACAGAG 

541 GATGAGCTCTACCCAGGGCCTGCAGGACCTGCCTGTAGCCCACTCTGCTCGCCTTAGCAC 

601 7ACCACTCCTGCCAAGGAGGATTCCATTTGGGAGAGCTTCTTCCAGGTGCCCACCTATAC 

661 CTGTGCCTCGGCTTTTCTCAGCTGGATGATGGTCTTCAGCGTCTTTCTGTCCCTTCTGTC 

721 CCTCACAGCACTAGTATTTCATGTTGGACACCCACTCAGCTCCGTGAAGTTGTGAGAACA 

781 CAGCCGATTCACCTGAGCAGGACCTCTGAAACCCTGGACCAGTGGTCTCACATGGTGCTA 

841 CGCCTGCATGTAAACACGCCTGCAAAGGCTGCCTGCCGGTAAACACGCCTGCAAACGCTG 

901 cctgccostaaacacgcctgcaaacgctgcctgcccacacaggttcaogtgcagctcaag 

961 GAAAGGCCTGAAAGGAGCCCTTATCTGTGCTCAGGACTCAGAAGCCTCTGGGTCAGTGGT 

1 02 1 CCACATCCCGGGACGCAGCAGGAGGCCAGGCCGGCGAGCCCTGTGGATGAGCCCTCAGAA 

1 081 CCCTTGGCTTGCCCACGTGGAAAAGGGATAGAGGTTGGGTTTCCCCCCTTTATAGATGGT 

1141 CACGCACCTGGGTGTTACAAAGTTGT ATGTGGCATGAATACTTTTTGTAATGATTGATTA 

1 201 AATGCAAGATAGTTTATCTAACTTCGTGCGCAATCAGCTTCTATCCTTGACTTAGATTCT 

1 26 1 GGTGGAGAGAAGTGAGAATAGGCAGCCCCCAAAJAAAAAATATTCATGGAAAAAAAAAAA 

1321 AAAA 1324 FIG.3A 

1 GTCGACTGTGAGTTCCCAGCAGAGGCCCAGAGTCCCGGTCCGGCAGCCGAGGGAAGCGGG 

6 1 GGGGTCTTCCAGAAGAAGAAAGGGCCAAGGTCACCCCGGTGCCTCTCCAGCAGCAGCAGA 

1 2 1 IGGGCGGC GGTCGGTGTCGCTGCTGGCCGGGGCCTCGAGGAAGGCGCGGGCCAGCTGGGGC 

1 81 CGGG TCTGCG T TCCCAGG AGCTGCCACCG T TCC AGGG AGC AAG TC AGGCCGGG ACG T T AG 

24 1 CGCCTGCGCGGGACCCTCACTTGCCACCMGGACCCCACAAACCCCGCCCCATCCT TAGC 

301 GCCTGCGCGGGACCCTCACTTGCCACCMGACCCCCACAAA^pC^TCCT«CCn 

361 ACGESC^CcmAGGTCGTTCTCCCGACCCGGGGTgcl^AAGACCGTCCfaGl 

421 ICCCGC^ CTTGGTGGCGGCCGCATGCTGCCCGGATATAAAGGGTCGGCCCCACATCCCAG 

481 GGACCAGCGAGCGGCCTTGAGAGGCTCTGGCTCTTGCTTCTTAGGCGGCCCGAGGACGCC 

541 ATGGCCGAGTGCCCGACACT 560 
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